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HE introduction of the concept of segmental resection of the lung opened 

what was referred to at that time as an unwritten chapter in surgical anat- 
omy. This chapter is now quite complete, and gratitude is expressed to Brock, 
Blades, Huber, Boyden, Seannell, and others for their painstaking contributions 
to descriptive anatomy. Mastery of the three dimensional intricacies of the 
interlacing bronchi and blood vessels is now an essential step toward the attain- 
ment of the precision required in present-day pulmonary surgery Attention is 
now directed to another chapter that awaits development—the segmental and 
lobular physiolo~ - and pathology of the lung. Some of the material is available 
and a firm struc . al basis has been provided by William Snow Miller, but the 
parts remain insufficiently related and incomplete. While the concepts that are 
certain to emerge may not guide our dissections, they will provide us with 
methods that are based on a more complete understanding of the organ with 
which we work. 

Tribute is paid immediately to the brilliant contribution of Van Allen and 
Lindskog on collateral ventilation and the aerodynamies of bronchial obstruction 
presented to this Association many years ago. I shall return to this later on, 
but wish to comment now on the fact that this diseovery was made by surgeons. 
Physiologists have been slow to accept the results of the easily repeated experi- 
ments and the significance of the mechanism has never received the attention it 
deserves. Possibly one reason is that physiologists are in the habit of dealing 
with the two lungs as a single organ. It has been their custom to select the 
trachea as the site to introduce resistance to the entrance and exit of air when 
experiments are designed to study the aerodynamies of respiration, Similarly 
the analysis of pulmonary edema has been approached through the mimicry of 
eardiac failure with abnormal conditions imposed upon the pulmonary circulation 
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as a whole, or through the inhalation of irritant gases that are dispersed through- 
out the entire respiratory tract. 

The bronchopulmonary segment with its component lobules is a physiologic 
unit of the lung just as the segment is a surgical unit of the lung and has become 
a unit of roentgenologie diagnosis. At the level of the segment or the lobule, 
obstruction to the outflow of air produced by disease or by neuromuscular action 
can produce volume and tension changes within a limited lung area at the 
expense of volume alterations in adjacent areas. The potentialities of this 
mechanism are lost sight of when all lobules and segments are subjected to 
identical conditions, which is the case when obstruction or resistance is imposed 
at the level of the trachea. The discovery of collateral] air drift by Van Allen 
and Lindskog brought emphasis to this important difference. 

The increased tension of the air within alveoli that is produced by partial 
occlusion of the bronchus to an entire lobe is referred to clinically as obstructive 
emphysema. The mechanism of its production by partial occlusion of the lumen 
and a widening of the air passages on inspiration and a narrowing on expiration 
is understood. The basic condition is obstruction to the outflow of air. Similarly, 
the acute lobar collapse caused by complete bronchial obstruction and absorption 
of the alveolar air is recognized experimentally and clinically. Both the collapse 
and the obstructive emphysema that might be expected to oceur by the same 
mechanisms acting within the bronchopulmonary segment are subject to the 
special conditions imposed by collateral air drift and also by the secretory 
activity of the bronchial mucous membrane. These will be discussed. I shall, 
however, begin with the single lobule or a cluster of adjacent lobules and con- 
sider the significance of increased tension of the air within the alveoli and a 
possible relationship to the onset of pulmonary edema. 

The several factors that control the passage of exudates and transudates 
across the wall of the capillary need not be enumerated. They are itemized in 
a diagram by Drinker (Fig. 1). Attention will be confined to the physical force 
studied by Landis and Gibbon! that assists in the control of filtration edema in 
the extremities, increasing tissue pressure. These authors measured the effects 
of the pressure that is built up by an increasing volume of fluid in the tissue 
spaces as the elasticity of separated tissue elements is encountered. This pressure 
opposes the filtration pressure within the capillary and slowly brings the leakage 
from capillaries to a halt. When one attempts to visualize the possibility of 
such a force acting in pulmonary tissue it is apparent that the unique structure 
of the lung creates a set of conditions different from those that exist in the 
tissues of the extremities. The lung tissue may undergo alterations in volume 
without creating pressure changes of any considerable magnitude. Tissue pres- 
sure built up by fluid escaping from the capillaries is a control measure that 
could be effective in the lung only when carried to the extreme of lobar con- 
solidation, at which point the effect of the limiting membrane of the visceral 
pleura might be felt. In any event, the control force studied by Landis and 
Gibbon would be intolerable in the respiratory organs, for leakage from pul- 
monary capillaries into alveolar spaces is immediately destructive to the primary 
function of the lung. 
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In the lung the equivalent of mounting tissue pressure from fluid may be 
found in increased tension of the alveolar air. As long as the increased tension 
is confined to a lobule or segment, this portion of lung can distend through 
encroachment on adjacent lung without appreciable respiratory embarrassment. 
Were the mechanism activated in all portions of the lung simultaneously, a crisis 
of labored breathing, anoxia, and, at times, death would be expected, as is the 
actual fact in bronchial asthma. 
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To postulate this happening in a portion of lung threatened by edema 
requires an explanation for the occurrence of obstruction to the outflow of air 
from a single area. This is known to occur locally in tension cysts and cavities, 
but in such instances is usually traced to a valve-like fold of mucous membrane 
or other ‘‘ball-valve’’ mechanism inherent in the pathologie lesion. In normal 
lung this action could arise from local reflex activation of the neuromuscular 
apparatus of the bronchi, for the vegetative neuromuscular apparatus of the 
human lung appears concentrated in the bronchial tree. It is true that the 
pulmonary arteries are possessed of smooth muscle but the weight of present 
evidence indicates that the lesser circulation is regulated in a passive manner 
except perhaps under certain emergency situations, The elaborate neuromus- 
cular structure that surrounds the air passages has been described in detail 
(Fig. 2). The constant and vigorous activity of this apparatus has been ex- 
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pressed by Macklin? in the concept of the dynamic bronchus. Far from being 
rigid tubes, the bronchi undergo inspiratory dilatation with lengthening and 
expiratory construction with shortening. The walls of the alveoli do little or 
no stretching and the factor of safety of their elastic tissue is said to be slight. 

The bronchial musculature is projected along the bronchiole and respiratory 
bronchiole to form sphincters about the openings into the atria. Sphincters are 
also formed about the openings into the alveoli that arise directly from the 





Fig. 2.—Arrangement of smooth muscle bands and elastic fibers. (From Miller: The Lung. 
Charles C Thomas, Publisher.) 


respiratory bronchiole. Trapping of air in the alveoli by obstruction to its out- 
flow may well result from the sphincterie action of the bronchiolar musculature. 
The increased tension of the trapped air is dependent upon cough or expiratory 
grunting. Cough is known to have a twofold effect: The foreing of air into 
alveoli by the increased pressure built up within the air passages, as well as the 
expulsion of mucus from the upper portions of the tracheobronchial passages 
that comes on release of the laryngeal sphincter. Fluoroscopists are completely 
familiar with the increased radiance of the apical segments when they ‘‘light 
up’’ with cough; also with the dispersion of lipiodol from bronchi into alveoli 
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with cough. The irritative nonproductive cough that attends the onset of pneu- 
monia or ushers in a paroxysm of asthma thus provides a protective measure 
that builds up air tension in alveoli to support the capillary walls by external 
pressure. 

The sequence of events may be pictured somewhat as follows (Fig. 3): 
(1) inspiratory widening of the terminal bronchioles; (2) early in expiration the 
quick closure of the laryngeal sphincter with elevation of endobronchial air 
tension by the muscular effort of a cough or grunt; (3) trapping of air in lobules 
under increased tension; (4) slow reduction in the tension by collateral air 
drift through the pores so that on the next cough the lobule receives a blast of 
fresh air with renewed oxygen supply. 
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Fig. 3.—Diagram representing mechanism to establish and maintain intra-alveolar air pressure 
supporting capillary wall in a segment or subsegment of lung. 


Surgeons of World War II, faced by localized pulmonary edema resulting 
from the direct trauma of a chest wound, found that the effective course of man- 
agement lay in clearing the upper respiratory passages, controlling pain by 
intercostal nerve block, and aspirating pleural blood and air that might be 
limiting lung expansion. The cough reflex was not suppressed by morphia nor 
was the chest wall motion restricted by tight strapping. By these measures the 
wet massive collapse of the lung seen in World War I was practically unknown. 
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The use of a gaseous medium under tension as an extrinsic means of apply- 
ing inereased pressure to support the eapillary wall provides the theoretical 
basis for administering oxygen under pressure in the treatment of irritant gas 
poisoning and other forms of generalized pulmonary edema as recommended by 
Barach. The intrinsic mechanism was forecast by Keith in 1909° and also by 
Miller,‘ who stated that, ‘‘the action of the bronchial musculature in expiration 
is not passive, but active, and its action in regulating the tensions within air 
saes deserves more attention than physiologists have given to it.’’ Surgeons 
who work daily with the human lung are well aware of the seeming vagaries of 
lobular and segmental inflation and deflation. Local reflex changes in circulation 
that are commonly observed in the abdominal viscera as a result of manipulation 
and exposure are not discernible in the lung. It is possible that the common- 
place local changes in ventilation may have a similar origin and significance. 
Again, the experienced thoracic surgeon holds great concern for the immediate 
restoration of the cough reflex after it has been temporarily suspended by anes- 
thesia. This is usually rationalized on the basis of clearing the major air pas- 
sages. Perhaps it is equally important in the protection of traumatized lobules 
from the hazards of posttraumatic edema. 

The level of action for these mechanisms that integrate ventilation and 
alveolar air tension, and that I suggest are available for edema control, seems 
to be at the bronchiole and respiratory bronchiole, the site of the sphincters 
around the necks of the air sacs. The character of the epithelium has already 
changed before this point is reached and goblet cells have disappeared. At the 
level of the segmental bronchus, however, the secreting membrane of the respira- 
tory tract is well developed and introduces a factor in obstruction of the air 
passages that does not occur at the bronchiolar level. Obstruction of the seg- 
mental bronchus is followed by retrograde filling or drowning of the bronchioles 
and air saes by the pent-up secretions. In the absence of infection this appears 
to be a relatively benign event. Accurate observations are not available, but 
presumably water and salts may be removed by the blood capillaries and protein 
by the lymphatic channels. The lumens of these obstructed small bronchi become 
filled by cylindrical casts of a tough rubbery substance. The situation is re- 
vealed in the pathologie findings of mucoceles and certain cysts but will not be 
explored at this time. However, certain physiologic and pathologie implications 
of the secretory activity of the bronchial mucous membrane deserve brief com- 
ment if only to display our present state of ignorance concerning them. 

As an example, consider the enigma of the so-called Kartagener syndrome- 
bronchiectasis, situs inversus, and agenesis of the accessory sinuses. The patho- 
genesis of the bronchiectasis component has always been baffling. When Adams 
and I° tried to develop a hypothesis some years ago we could only postulate as 
others had done, that the bronchiectasis was a stigma of maldevelopment. 
Whether the maldevelopment was structural or took the form of some obscure 
predisposition to bronchiectasis could not be determined. It was pointed out, 
however, that the bronchiectasis itself took the form of the aequired rather than 
the congenital type. Since that time I have had the opportunity of observing 
two children with situs inversus and agenesis of the sinuses but without bron- 
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chiectasis demonstrable in complete series of bronchograms. Both children dis- 
played an extraordinary increase in the secretory activity of the mucous mem- 
brane of the respiratory tract. This was manifested by the production of large 
quantities of mucous secretions both by cough and profuse nasal discharge, The 
content of pus was minimal. Both children had been born in the chemothera- 
peutie era of medicine and both had enjoyed the protective concern of well-to-do 
families able to provide winters in the southwest under able medical surveillance. 
Threatened episodes of respiratory infection had been handled by preventive 
measures including chemotherapy and eareful observation for collapse and re- 
expansion of segments. The stage was set for the development of segmental or 
lobar bronchiectasis but as yet it had not appeared. 

In the light of these observations a careful review of the childhood experi- 
ence of an intelligent young man with the Kartagener syndrome, including 
bilateral basal bronchiectasis, brought forth a reconstruction of events that 
paralleled the story of the two children. The profuse mucoid secretion in his 
case became purulent only after an attack of bronchitis at the age of 14. 

It seems, therefore, that the bronchiectasis of the Kartagener trilogy is a 
secondary manifestation and that the underlying disturbance may be an altered 
secretory activity of the respiratory tract epithelium. 

Recently Bergstrom, Cook, and Seannell® have assembled a family history 
that not only confirms but throws added light on the subject. In this family 
the bronchiectasis, or as has been proposed the abnormality of the respiratory 
tract epithelium that precedes it, occurs in two siblings with situs inversus and 
in two others without situs inversus. Whether the stigma that affects the mucous 
membrane has a structural basis, a metabolic basis, or is attributable to some 
derangement of the neurosecretory mechanism, remains unknown. The question 
as to whether the respiratory mucous membrane behaves as a single organ in 
its secretory activity or whether lobar or segmental regional autonomy of control 
may exist also remains unanswered. 

Returning to the pulmonary circulation, I remind you that many studies 
on minor pulmonary embolism that are now classics have demonstrated a col- 
lateral drift of blood in the pulmonary capillary network sufficient to maintain 
a slowly moving circulation despite occlusion of sizable terminals of the pul- 
monary artery. Increased back pressure in the pulmonary veins or abnormal 
slowing of the capillary stream by reduced respiratory excursion may convert a 
bland infaret into a hemorrhagie infaret. It is likely that this capillary blood 
drift crosses segmental boundaries. In the immediate situation imposed by the 
embolism, this drift of blood has no respiratory significance; having passed 
through functioning alveoli, the drifting blood is arterialized and not mixed 
venous blood. It may help maintain the integrity of the capillary wall, although 
there is some appearance of edema even in bland infarction, despite the fact 
that alveolar ventilation continues. 


With the vast margin of safety provided the respiratory organs, the fune- 
tional loss of a few lobules or even segments might seem to be unimportant. 
There is some evidence, however, to show that the lodgment of minute emboli of 
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cells and agglomerations of tissue debris in the lesser circulation may be such a 
common event that it ean be regarded as a physiologic happening. If this is so, 
the margin of safety would soon be used up if minor embolism in the terminal 
arteries always spelled hemorrhagie infarction. The healing process would 
reduce such an occluded area to a thin plate of fibrous tissue. <A series of healed 
hemorrhagic infarctions thus would eause the remainder of the pulmonary tissue 
to distend with the changes of complementary emphysema and a concomitant 
reduction in functional capacity. The limited damage that attends bland in- 
faretion, in contrast, does not reduce the volume of the lung. 

While the loss of a few square meters of diffusion surface from the 140 with 
which the lung is equipped for its primary function of respiration might be 
insignificant, the lung appears designed to conserve a space-occupying function. 
This is true even though the respiratory function of a segment is destroyed. 
It is observed in the series of events that follows bland infarction with the col- 
lateral drift of capillary blood. The same preservation of lung volume appar- 
ently to oceupy space is also provided for by collateral air drift, as will now 
be shown. 

After the demonstration of Van Allen and Lindskog* it was expected to 
find many instanees where collateral respiration came into play in conjunction 
with pathologie lesions of the lung. However, both the original experiments and 
the postulated situations in which the drift of air might serve a useful function 
seemed to characterize collateral air drift as an emergency device, The reason 
it is not seen more commonly is that segmental bronchial obstruction at levels 
chosen for experimental demonstration and as observed with tumors, strictures, 
and foreign bodies takes place in the secretory zone of the respiratory tract 
epithelium. As a result, maintenance of air in the affected alveoli by passage 
through collateral channels soon is masked by the drowning of those alveoli with 
retained secretions. One must descend below the mucous cells to the finer rami- 
fications of the air passages to find an example of collateral air drift at play. 
The example I shall provide is not protective in the sense of maintaining gas 
exchange function; it does act to conserve what I have referred to as the space- 
occupying function of pulmonary tissue that protects the remainder of the lung 
from complementary emphysema. 

In deseribing the techniques of resection of a pulinonary segment,’ reference 
was made to identification of the boundaries of a segment by deflating the lobe, 
clamping the segmental bronchus, and then inflating the lobe. The segment 
remains deflated. This is readily demonstrated in a normal lung and holds true 
with certain forms of bronchiectasis. After further study, however, it was 
apparent that only in the exceptional eases can this procedure be utilized. Either 
the segment under consideration is airless and shows the fibrotic changes of 
long-standing inflammation that preclude inflation, or the segment does not 
deflate when the endobronchial air pressure is reduced. Indeed, certain of these 
segments do not deflate when removed from the body and left with widely open 
bronchial apertures. The air in the alveoli is trapped air. It then occurred to 
us that bronchography not infrequently shows dilated bronchi extending into 
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air-containing lung segments, but never with lipiodol entering the atria and 
alveoli. The dilated bronchi resemble the branches of a sea sponge known as 
‘‘dead-man’s-fingers’’ (Chalina arbuscula) and extend into a zone of radiant, 
air-containing parenchyma but in no way communicate with it. Other observers 
had commented on this phenomenon and referred to such bronchi as ‘‘leafless 
trees.’’ Robert Klopstock was working with me at the time these observations 
were made, and using the techniques of Van Allen and Lindskog it was not diffi- 
cult to demonstrate that the imprisoned air entered or escaped from the area 
either by way of an adjacent segment with normal bronchi or from an occasional 
normal braneh bronchus within the segment, By more careful preoperative 


Fig. 4. 


fluoroscopic examination it was possible to confirm the fact that the air in such 
a segment was indeed trapped exactly as in obstructive emphysema. From the 
standpoint of gas exchange, this area of lung is devoid of function. The air 
that reaches the alveoli within it has already passed through other alveoli and 
reached equilibrium with the pulmonary capillary blood. The air-containing 
segments are simply filling space. But this, as has been suggested, may have a 
functional significance. 


Klopstock studied these surgically removed lobes with lipiodol injections of 
the bronchi, correlating the observations with those made at operation and those 
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made with air-flow techniques. Brief reference is made to three examples, using 
soft tissue roentgenograms as records. 

Fig. 4 records the lipiodol injection of the air passages of a lobe excised from 
a 23-year-old man with bronchiectasis dating to attacks of pneumonia in early 
childhood. When the chest was opened the right lower lobe appeared emphy- 
sematous but with little or no deformity in its architecture. The dorsal segment 
deflated when the endotracheal pressure was reduced and inflated when it was 
elevated. The basal segments could not be deflated. The air that filled their 


Fig. 5. 


alveoli was trapped, having entered through collateral channels by way of the 
dorsal segment. The lipiodol filling showed no communication between the 
dilated bronchi of the basal segments and the surrounding alveoli of those 
segments. 

This specimen showed, in addition, a phenomenon that is quite constant and 
that provides further confirmation. The dorsal segment displayed the usual 
pattern of anthracotie pigmentation, but this was entirely lacking in the basal 
segments. It is understandable that airborne a matter cannot traverse 
the tortuous channels of the air-drift filter. 
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As an example of a more complex situation, reference is made to the lower 
lobe of a young adult woman (Fig. 5). The dorsal segment is not injected in 
this surgical specimen. It still contains a cloud of alveolar lipiodol from the 
preoperative bronchogram showing normal air sae filling. One of the three basal 
segments appears normal, one is grossly bronchiectatic, and one shows a eylin- 
drical enlargement of the bronchi. In only one or two areas of the segment 
containing the cylindrically dilated bronchi do flecks of alveolar filling appear. 
All of these segments were found symmetrically distended with air when exposed 
at operation, in fact, architecturally the lobe appeared completely normal. The 
affected segments were being maintained in an inflated form by collateral air 
drift from the adjacent normal segments. 


From the gross bronchiectasis displayed in these specimens, one may proceed 
to the state of affairs in the lobe shown in Fig. 6. This is the surgical specimen 
from an older woman, aged 56 years. Two bouts of pneumonia had been local- 
ized to this lobe, then ensued cough, continuing slight fever, lassitude, and dis- 
ability. This patient was treated for many months with rest, chemotherapy, and 
climatic change but without improvement. The dorsal segment shows normal 
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alveolar filling. In the basal segments there are a few areas in which the lipiodol 
enters the alveoli, but in general it is the picture of the ‘‘leafless tree,’’ par- 
ticularly in the mesial segment. There is little deformity that can be termed 
dilatation of the bronchi, and in fact it is a misnomer to classify this disease as 
bronchiectasis. The significant lesion appears to be obliterative bronchitis and 
bronchiolitis. 

As shown in the preceding illustration this process may exist in one segment 
and true bronchiectasis in another, In some eases, as those described by Blades? 
as pseudobronchiectasis following virus infection, the obliteration appears to be 
temporary; in others, when the finer air passages are converted into fibrous 
cords, it is permanent. 

For an adequate description of the morbid anatomy of the changes in the 
air passages that have been presented, one may go back to 1835.'°. This was the 
era when lungs were carefully examined in their three dimensional aspects and 
not chopped up into limp fragments for two dimensional cellular microscopy. 
In these old illustrations (Fig. 7) of bronchiectatie lobes, the bronchioles and 
presumably the smaller bronchi are shown reduced to fibrous cords that can be 
traced to the proximity of the visceral pleura. Observations regarding the state 
of the surrounding alveoli were not recorded. 

I cannot agree with Fleischner' that this represents a preatelectatic phase 
in the development of bronchiectasis, although this could be true if the oblitera- 
tive fibrosis of the bronchi and bronchioles progressed to involve all segments 
of a lobe. It appears, on the contrary, to represent a static phase of what may 
initially have been an acute inflammatory process that destroyed and obliterated 
the finer air passages. It might actually represent a postatelectatic phase, if 
collateral air drift penetrates an area that was atelectatie during the acute 
phase of infection. 

As I have implied, there are, of course, other forms of bronchiectasis in 
which small dilatations and herniations of the bronchial wall can be traced in 
the finest bronchial twigs and even in the bronchioles. There are other more 
common types where inflammation and fibrosis have destroyed the architecture 
of the air saes and bronchioles, and converted the lung or a portion of it into 
an airless, solid organ in which the mechanism of collateral air drift has been 
forever lost. 

Obliterative bronchitis and bronchiolitis with or without atelectasis may be 
significant in the development of certain types of bronchiectasis and not merely 
be a by-product of the pathologie process. As a primary lesion it would favor 
the retention of secretion in the larger bronchi and possibly promote the atrophy 
of disuse. Basie to an understanding of obliterative disease in the finer air 
passages is a recognition that their lining membranes are very different from 
those of the larger divisions. They have a serous rather than mucous secretion. 
Thus, it is possible for the flames of infection to sweep across the lung and 
produce permanently obliterated bronchioles without evidence of collapse or 
fibrosis that is discernible on the x-ray film. Recent studies on lung function 
tend to confirm this statement. 
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30th capillary blood drift and interalveolar air drift are phenomena unique 
to this organ. Respiratory function depends on ventilation, not on alveoli con- 
taining air; it depends on an active capillary circulation, not on capillaries con- 
taining blood. Air-containing lung with normal pulmonary circulation as well 
as blood-containing lung with normal ventilation may be ineffective from the 
standpoint of respiratory exchange when the air has entered by way of adjacent 
alveoli and the blood has entered after traversing adjacent capillaries. 

The structure of the lung appears to maintain its spatial integrity despite 
serious functional deterioration. Intricate mechanisms exist that act to maintain 
its volume and shape. It is unlike parenchymal organs that dwindle in size 
following the cbliteration of ductal systems or occlusion of vascular channels. 
It does not become small with the changes of senile atrophy, in fact, the atrophic 
changes of the aging process produce quite the opposite result as recognized in 
senile emphysema. When normal lung is called upon to fill spatial demands 
the changes of complementary emphysema ensue, presumably with further reduc- 
tion of the functional margin of safety with which this organ is so liberally 
provided. A segment of the kidney or the liver may be removed without signifi- 
cant reduction of the function of the part that is left behind. Not so with the 
lung. Surgical principles of conservation of function thus center in conservation 
of volume. 

The apparent homogeneity of the structure and function of the lungs is 
highly deceptive. They are not two gas bags suspended in a container. Mor- 
phologieally and functionally the lungs are a highly integrated organ system in 
which the whole must be considered in relation to the parts, and the parts in 
relation to the whole and to each other. The two lungs, the single lung, the 
lobes, the bronchopulmonary segment, and the lobules must be studied from this 
point of view. Only in this manner ean the natural laws be disclosed that will 
ultimately guide pulmonary surgery. 

I have made full use of the immunity that a Presidential Address affords 
to rebuttal and critical discussion. It must be taken for granted that the inter- 
relationships of factual observations that have been presented will be recognized 
as hypotheses and valued only as such, I shall conelude with the expression of 
a conviction that is neither a fact nor an hypothesis, but a value judgment. 
Surgeons who stand on the threshold of the surgery of the lung today will not 
find prestige and fame in treading the easy pathways that were open to the older 
members of this Association. We enjoyed for a brief period the heyday of rapid 
technical development that follows the initial conquest of a new territory. Ad- 
vance in the surgery of the lung will not be derived from technical experience 
alone. Anyone who gains the opportunity to operate on enough patients will 
have had experience, but it does not follow that one learns from it. 

The area I have outlined is not only unexplored territory but it is a no 
man’s land. Our allies in the medical sciences seem to have other pressing 
affairs that occupy their attention today. It is a territory in which surgeons 
may work but in which every gain must be bitterly fought for; it is remote from 
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the glamour of scialytic lights and the comforts of lucrative trade. Yet in this 
area and adjacent ones lie the concepts that are essential if further advance in 
the surgery of the lung is to be realized. 
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INTRATHORACIC MENINGOCELE 


Francis X. Byron, M.D., Los ANGELES, CALIF., COLONEL Emery E. ALLING, 
Mepicau Corrs (BY INVITATION), BATTLE CREEK, MICH., AND 
Paut C. Samson, M.D., OAKLAND, CALIF. 


LTHOUGH, with increasing experience in dealing with mediastinal tumors, 
thoracic surgeons are becoming more accurate in their pre-operative diag- 
noses as to cell type, there is still an element of surprise when the tumor is 
exposed at operation. Among those tumors which present a degree of uniformity 
in the x-ray and clinical picture, and thus lend themselves to pre-operative 
diagnosis, are the intrathoracic neurofibromas. When a mediastinal tumor 
presents itself as a uniformly opaque, well-defined, rounded or lobulated mass 
in the posterior mediastinum, a high percentage will prove to be neurofibromas. 
When, added to this typical x-ray finding, there is the presence of bony absorp- 
tion of adjacent posterior rib ends and the skin manifestations of neurofibroma- 
tosis of von Recklinghausen, one might feel justified in making the diagnosis of 
mediastinal neurofibroma, However, that even this typical picture may lead 
one into error is exemplified by the following case reports : 


Case 1.—G. N., a 36-year-old white housewife, mother of four, was admitted to the 
University of Michigan Hospital on Feb. 23, 1947. She had been well until five years 
previously when she had been hospitalized, elsewhere, for ‘‘pneumonia and pleurisy.’’ A 
chest x-ray examination of Oct. 27, 1941, revealed a 10 em. tumor mass in the right apex 
posteriorly with a destructive process of the second and third vertebral bodies and the 
posterior aspect of the third rib. There was a sharp scoliosis to the left. A tentative 
diagnosis of neurofibroma had been made, and she was advised to have it removed. How- 
ever, she did not seek further medical advice until one year prior to admission when she 
developed a persistent, nonproductive cough, mild, progressing to moderate, dyspnea and 
pain over the apex of the right chest. 

The physical examination revealed generalized café-au-lait spots, most marked on the 
back, scoliosis of the upper dorsal spine with convexity to the right and dullness and 
diminished to absent breath sounds over the upper posterior right chest. 

The laboratory studies revealed no abnormalities of the urine or blood. Roentgen- 
ograms revealed a huge lobular density of smooth outline occupying the upper two-thirds 
of the right hemithorax and situated posteriorly. There was deformity of the third rib, 
with apparent absorption of its posterior end and there were destructive changes of the 
second and third dorsal vertebrae. 

A diagnosis of intrathoracic neurofibroma, possibly with intraspinal extension, was 
made and operation was performed on March 4, 1947, under intratracheal ether vapor 
anesthesia. The chest was entered posterojaterally through the bed of the fourth rib. 
A huge thin-walled cyst was found almost to fill the hemithorax. Aspiration, to facilitate 
mobilization, revealed clear watery fluid. It was felt that it might represent a pleural 
inclusion cyst similar to the so-called pericardial celomic cysts. However, further dissec- 
tion revealed the cyst wall to be continuous with the dura through a defect measuring 
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5 by 2 em. in size, the defect arising as the result of enlargement and coalescence of the 
intervertebral foramina of D, and D,, absorption of the pedicle of D, and erosion of the 
postero-lateral aspects of the bodies of D, and D,. 
spinal cord and, higher in the spinal canal, 
small intraspinal cyst. 


Through this defect could be seen the 
at about the level of C,, the inferior aspect of a 
The defect was closed by utilizing a portion of the cyst wall or 





Pig: 1. Fig. 2. 

Fig. 1 (Case 1).—Preoperative x-ray film showing large intrathoracic mass, scoliosis, rib 
and vertebral changes. 

Fig. 2 (Case 1).—Preoperative lateral film showing posterior location of mass. 





Fig. 3. Fig. 4. 


Fig. 3 (Case 1).—Chest roentgenogram taken two months after operation. 

Fig. 4 (Case 1).—Detail film of apical region to show the upward displacement of rib 
2, absorption of posterior end of rib 3, and the absence of rib 4 (excised at operation). The 
profound destructive changes of the bodies of Dz and Ds are shown. 
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dura as a flap. This was then covered by a free pleural graft and a layer of Gelfoam. 
Because the upper lobe had been partially collapsed for several years, it did not re-expand 
readily to fill completely the apex of the chest. An intercostal drainage tube was therefore 
employed for forty-eight hours. 

Postoperatively, the patient experienced mild intermittent headache, relieved by 
aspirin from the fourth to the ninth days. Her temperature fluctuated from 98° to 102° F. 
for the first fifteen postoperative days. This was felt to be due to a slow seepage of spinal 
fluid into the chest. Following her discharge from the hospital, she continued to do well. 
At the time of her return visit on April 2, 1947, there were no complaints, her temperature 
had been normal, and the chest roentgenogram revealed that the pleural fluid had been 
largely absorbed. 


Casg 2.—M. A. C., a 21-year-old white soldier had received a gunshot wound of the 
right arm in 1944, resulting in considerable disability of the arm, There was no injury of 
the chest or shoulder region. Upon being separated from the service Feb. 5, 1947, a routine 
chest roentgenogram was obtained which revealed a homogeneous round mass, about 2.5 em. 
in diameter, in the apex of the right chest. He was admitted to the Percy Jones General 
Hospital. For diagnostic purposes a right pneumothorax was induced, revealing the mass 
to be extrapulmonary. A diagnosis of neurofibroma was made and on Feb, 24, 1947, this 
mass was explored through a posterior incision, resecting portions of the second and third 
ribs. The mass was revealed as a cyst, lying extrapleurally with its pedicle in the first 
interspace. The fluid could be easily expressed but it readily refilled. Ten cubic centi- 
meters of clear fluid were aspirated. The cyst wall was relatively thick. Since it was 
considered to be a meningocele, was asymptomatic, and in a protected place, it was decided 
to make no effort to remove it. 

Postoperatively, the patient had rather severe headache for several days, relieved by 
caffeine. After realizing that no demonstrable proof existed to prove this lesion a menin- 
gocele, a needle was inserted into the cyst, a small amount of spinal fluid withdrawn and 
3 ec. of Pantopaque injected. The isthmus was not seen fluoroscopically, but the Panto- 
paque readily entered the spinal canal. Detail films of the upper dorsal region failed to 
reveal any evidence of vertebral absorption or enlargement of intervertebral foramina. 


CasE 3.—J. C., a 61-year-old white man, was admitted to the Letterman General Hospital 
on June 30, 1947, complaining of severe pain in the cervical region. Intermittent soreness 
and stiffness of the mid-dorsal region, relieved somewhat by physiotherapy, had been present 
for about five years. In May, 1946, duli aching pain began to occur in the cervical region. 
This discomfort was aided by physiotherapy, but one month prior to admission the pain 
was aggravated by massage. The physical examination revealed many small, soft nodules 
over the face, arms, legs, and body. Excision of one of these lesions revealed it to be a 
neurofibroma. There was café-au-lait pigmentation over the flanks and back. The neck 
was held in flexion with limitation of motion due to pain. A soft mass was present in the 
right cervical region and this had been present, unchanged, for several years. There was 
kyphosis of the cervical and upper dorsal spine with scoliosis to the left. Generalized 
arteriosclerosis was present, and there was a soft apical systolic murmur. The laboratory 
determinations were not abnormal. Roentgenograms revealed a rounded, well-cireumscribed 
area of increased density, measuring 7 em. in diameter, situated posteriorly in the right 
apex. This had remained unchanged for at least two years. No pulsation was present on 
fluoroscopic examination. The first, second, and third ribs were considerably eroded in 
their posterior portions with destruction of the heads of the first and second ribs. The 
first rib was disarticulated and pushed well forward of the transverse process. The right 
lateral aspect of the body of D, and the pedicles of D, and D, were destroyed. The inter- 
vertebral foramina of D, and D, were enlarged and apparently coalesced. A diagnosis of 
disseminated neurofibromatosis was made and the mediastinal mass was thought to be an 
intrathoracic neurofibroma. On Aug. 8, 1947, a right posterolateral thoracotomy was per- 
formed, the pleural cavity being entered through the bed of the resected sixth rib. A few 
adhesions between the mesial portion of the apex and the mediastinal mass were present. 
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Fig. 6. 





Fig. 5 (Case 2).—Film taken after induced pneumothorax. a indicates extrapulmonary 
mass, and b the collapsed lung margin. (Figs. 5, 6, and 7 from Sengpiel, G. W., Ruzicka, F. F., 
and Lodmell, E. A.: Lateral Intrathoracic Meningocele, Radiology 50: 515-520, 1948.) 

Fig. 6 (Case 2).—Postoperative film revealing the presence of Pantopaque in the spinal 
canal following its injection into the cyst. 

Fig. 7 (Case 2).—Film taken to outline intervertebral 


4 
revealed, 


foramina. No enlargement is 
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The latter was obviously cystic. The highest intercostal vein was stretched over the cyst. 
Subpleural dissection, begun posteriorly, resulted in troublesome venous bleeding. Approxi- 
mately 500 ¢.c. of blood were lost from this source. The blood pressure fell to 80 mm. Hg, 
systolic, but the pulse rate remained at 88. The mass was aspirated and colorless fluid 
obtained. Further dissection of the cyst resulted in recurrence of bleeding and after 
about ten minutes the pulse and blood pressure could not be obtained. Bleeding was con- 
trolled by packing. The heart was stimulated by massage, injection of Adrenalin, and 
the forced transfusion of 1,500 ¢.c. of whole blood. There was return of cardiae action, 
the blood pressure mounting to 190 mm. Hg systolic. Further attempts to enucleate the 
cyst revealed that, superiorly, portions of the brachial plexus were stretched cver the cyst. 
Fifteen minutes later there was a sudden drop in blood pressure and ecardiae arrest. No 
response occurred to injection of Adrenalin and massage through the opened pericardium. 
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Fig. 11 (Case 3).—This drawing demonstrates the relationship of the meningocele to first 
and second ribs, and to the lower trunk of the brachial plexus. The figure to the right shows 
the extent of bone erosion and bone destruction. 


Postmortem examination revealed a tissue-thin meningeal sac projecting extrapleurally 
through the enlarged intervertebral foramen of ©, The spinal cord was visible through 
the opened sac, the wall of which was intimately adherent to the vertebral bodies and the 
eroded first ib. The spinal cord in this region was diffusely thickened and whitish.* 


In 1933, Pohl' reported a case of neurofibromatosis with intrathoracie men- 
ingocele. The meningocele was excised, the patient dying of empyema. Schuller 
and Uiberall? reported the case of a 56-year-old man who, in 1926, had a diag- 
nosis of neurofibromatosis with intrathoracic tumor. In 1935, the tumor at the 

*Complete details of the neuropathologic findings, not germane to this presentation, are 


being reported elsewhere by Dr. W. H. Garol, Neurosurgical Consultant, and Major H. Sprinz, 
Chief of Pathology Section, Letterman General Hospital. 
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level of D, to D, was described as the size of an apple. Lumbar puncture 
revealed fluid under normal pressure with a positive Pandy and slight xantho- 
chromia. Lipiodal was injected into the spinal canal and found to enter the 
tumor. There was evidence of spinal block at D,. A neurectomy was performed 
to relieve his pain, but he died following this procedure. The autopsy showed 
a 10 em. eyst, absorption of the dorsal surfaces of vertebral bodies D,; to D,,, and 
an intervertebral foramen large enough to admit two fingers. They had not felt 
justified in attacking the eyst as Naffziger had warned of the danger of hydro- 
thorax due to drainage of spinal fluid and they further felt that closure of the 
defect might be difficult. They stress the value of myelography in suspected 
*aSeS. 

Ameuille, Wilmoth, and Kudelski* induced a diagnostic pneumothorax in 
a 46-year-old woman with a large posteriorly located mediastinal tumor. As a 
further diagnostic procedure, a thoracoscopy was performed and this revealed 
a large cyst which was translucent, reddish-white, and with numerous vascular 
arborizations. A diagnosis of hydatid eyst was made and thoracotomy performed. 
The cyst was found to contain clear fluid. A defect was found in the lateral 
faces of D, and D, which seemed to lead into the spinal canal although the 
spinal cord was not seen. It was not possible to approximate the pleura over 
the defect. Postoperatively, the patient developed fever, abdominal ascites, 
urinary retention, and feeal incontinence. The spinal fluid was found to contain 
staphylococci, and she died on the eighth postoperative day. At autopsy, the 
chest was found to contain 2,000 ¢.e. of diluted syrup-colored fluid. The lesion 
was found to be a dural sae escaping through the defect in the bodies of D, 
and D,. 

Campos‘ reported two eases of what probably represent intrathoracie men- 
ingocele, although anatomical confirmation by operation or autopsy is lacking. 
One was a Brazilian boy, aged 7 years, with the presenting complaint of dorsal 
scoliosis. X-ray examination revealed a large pedunculated shadow, 5 em. in 
diameter, with well-defined margins in the upper right chest. The first six 
dorsal vertebrae were bifid and there was synostosis of the fourth and fifth dorsal 
vertebrae. Injection of opaque medium was not employed. The other case was 
of a 54-year-old Japanese man with symptoms of pericardial pain, dyspnea, and 
nonproductive cough. <A diagnosis of neurofibromatosis was made and confirmed 
by biopsy of a skin nodule. The chest roentgenogram showed a rounded, well- 
defined shadow in the right upper chest far posteriorly and an increase in size 
of the third, fourth, and fifth intervertebral foramina. Penetration was 
described as occurring through the fifth foramen. 

The significance of the fact that neurofibromatosis was present in three of 
these five reported cases is not clear. Case 1 of this report had ecafé-au-lait 
spots but no neurofibromas and Case 3 had both. Certainly, it is not of diag- 
nostic aid in differentiating between intrathoracic neurofibroma and intrathoracic 
meningocele, and, in fact, adds considerable confusion, since one might expect 
mediastinal neurofibroma as part of the generalized syndrome. Similarly, the 
rib changes, intervertebral foraminal enlargement, and vertebral body destruc- 
tion may, and frequently do, oceur as a result of neurofibroma. Short of thora- 
coscopy or thoracotomy, therefore, the only procedure that offers a good chance 





BYRON ET AL.: INTRATHORACIC MENINGOCELE 301 


of differential diagnosis is the intraspinal injection of an opaque medium and 
positioning of the patient so as to fill, if possible, the suspected meningocele. 

The demonstration of a spinal fluid block above the level of the meningocele 
in the ease of Schuller and Uiberall would seem to indicate the presence of an 
intraspinal lesion, and it will be recalled that in Case 1 of this series a small 
intraspinal cyst was observed. The simplest explanation of the production of 
the meningocele itself would seem to be that there is herniation of the dural 
envelope of a spinal nerve through the intervertebral foramen with pressure 
necrosis of the vertebral bodies and enlargement of the foramen as the men- 
ingocele enlarges. This, however, does not explain the presence of the intra- 
spinal cyst. It seems possible that both the meningocele and intraspinal cysts 
could have arisen at points of congenital weakness of the dura as in the spinal 
extradural cysts described by Cloward and Buey.® 

Once the diagnosis of intrathoracic meningocele is made, either by demon- 
strating a communication with the spinal canal or by exploration, the question 
of the advisability of operation arises. The two patients reported upon by Pohl, 
Ameuille, and associates, both died of empyema and meningitis, without, of 
course, the benefit of chemotherapy. In both eases, difficulty was encountered 
in closing the defect. In our Case 1, a satisfactory closure was also difficult but 
fortunately seems to have been attained. The dura at the neck of the sae was 
very thin and of little tensile strength, probably due to stretching by the weight 
of the eyst. Patients in whom the meningocele has attained such size, as in 
Case 1 of this report, that respiration is either seriously interfered with, or 
potentially embarrassed, will require at least partial excision of the meningocele. 
It would seem advisable to save a generous portion of the neck of the sae so that 
a plicated closure can be obtained. It is possible that the use of bone grafts to 
bridge the vertebral or foraminal defect may be feasible. In patients with rela- 
tively small saes, operation is probably not justified unless serial chest roentgen- 
ograms reveal progressive enlargement to the point of progressive respiratory 
embarrassment. 

SUMMARY 


Three cases of proved intrathoracic meningocele are presented, in one of 
which excision of the sae with good early recovery was performed. 

The literature is reviewed, five previously reported cases being discussed. 
The two patients in this series on whom excision of the sae was performed both 
died as a result of empyema and meningitis. 

The chief diagnostic aid in differentiating between meningocele and neuro- 
fibroma is the intraspinal injection of opaque medium. 

The question of advisability of excision of the sac is discussed. 
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DISCUSSION 


DR. HARVEY J. MENDELSOHN, Cleveland.—I wish to present an additional case 
of intrathoracic meningocele from Cleveland City Hospital. The patient had been picked 
up in a routine chest survey by the City Tuberculosis Clinie as having an intrathoracic 
tumor. She had been asymptomatic until she knew she had this tumor, and she was 
admitted to the hospital about five months later, at which time she said she had some 
dyspnea, but on observation in the ward appeared asymptomatic. 

(Slides) This shows the tumor in the posteroanterior film, and this shows the poste- 
rior position in the lateral film. This patient also had generalized cutaneous neurofibro- 
matosis. Our preoperative diagnosis was mediastinal neurofibroma. However, we suspected 
some intraspinal involvement. The spinal fluid studies were normal. The patient was 
explored in August and the defect in the spinal canal can be seen here. We closed it in 
the same way described by Dr. Byron, by imbricating the sae. We sprinkled some tale 
in the area. She had an uneventful recovery and was kept in bed for two weeks. 

The film one year later showed a normal chest, and the patient is asymptomatic 


except for a complaint of low back pain. 


DR. JEROME R. HEAD, Chicago.—I would like to report an additional case. I 
believe that the rarity of the condition warrants doing so. The patient was a man, aged 
43 years. He entered Hines Veterans Hospital for some other complaint. A routine x-ray 
film of the chest revealed a globular tumor in the left lower thorax behind the heart. The 
tumor was directly adjacent to the spine. A needle was inserted into the tumor and 
erystalline-clear fluid was obtained. Following the aspiration of about 10 c¢.c. of fluid, the 
patient developed a typical postlumbar-puncture headache. Several days later a needle 
was reinserted into the tumor mass and at the same time a needle was inserted into the 
spinal canal. Withdrawing fluid from the tumor lowered the pressure in the spinal canal, 
and withdrawing fluid from the spinal canal lowered the pressure in the tumor. The speci- 
mens of fluid removed through each needle were comparable in gross appearance, in cell 
count, and in all chemical analyses. These tests seemed to warrant the diagnosis of intra- 
thoracic meningocele. The patient was not operated upon. 

During the preceding discussion concerning the surgery of these meningoceles, the 
question has been raised concerning the leakage of spinal fluid into the pleural cavity. 
The following case bears upon this possibility. Some months ago I exposed the stellate 
ganglion for a vascular surgeon in a case of Raynaud’s disease. The exposure was per- 
formed in the same manner as an extrapleural pneumothorax. The vascular surgeon then 
avulsed the sympathetic roots, the rib bed was closed with a running suture, and the 
wound was closed without drainage. The patient developed a collection of fluid in the 
extrapleural space. On aspiration this was found to be spinal fluid. Following aspiration 
of the fluid, the patient developed headache and the fluid rapidly reaccumulated. The 
question arose as to what to do concerning this complication. We decided to do nothing. 
The patient had no symptoms referable to the condition and has remained well since. 


DR. FRANK S. DOLLEY, Los Angeles.—There are two very important diagnostic 
symptoms in these cases that Dr. Byron has reported that should be emphasized. 

Several years ago, Dr. Brewer and I had published a paper on intrathoracic tumors. 
In writing of the paravertebral tumors high in the cupola of the hemithorax, we stated 
that the so-called Pancoast tumor was, in a great majority of cases, actually a primary 
bronchiogenie carcinoma, having its origin close to the visceral pleura against the medi- 
astinum. We showed that there are a number of other conditions which may cause this 
paravertebral or paramediastinal shadow, particularly fibromyxoma that would be operable 
and early fibromyxosarcoma that might also prove to be operable. We did not, however, 
mention meningocele. This manifestly should be included in this group. 


The second point for emphasis is a question of bone erosion. 
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I have been accustomed to believe that any sign of bone erosion not due to aneurysm 
or cold abscess could be considered as representing a malignant process and was in- 
operable. 

It is most interesting to me to learn that two of these cases of Dr. Byron’s this 
morning show widespread evidence of bone erosion. The only explanation which occurs 
to me is that the same sort of mechanism is taking place in these cases as in aneurysm; 
that is, the meninges themselves do not readily stretch; and the increased pressure against 
the bone contiguous to the meninges in a situation that does not permit lateral expansion 
results in bone erosion. Therefore we certainly are not justified, if aneurysm or cold 
abscess can be eliminated, in looking upon the condition where bone erosion exists as 
surely malignant and inoperable. 


DR. CIAGLIA, Utica, N. Y.—I had no intention of presenting this case but the 
features were so similar to the ones presented that I thought a few words on it might be 
in order, This patient was a 31-year-old white woman, who was minding her own business 
working in a mill, when someone did a survey, and a tumor was reported. She was com- 
pletely asymptomatic. She also had clinically multiple neurofibromatosis, later proved by 
biopsy. She had also bony changes with a slight angular scoliosis in the upper thoracic 
region. The x-ray examination showed a mass clearly defined and rounded, about the size 
of an orange, in the left apical region. She was explored transpleurally and much to my 
surprise the tumor was fluctuant. A needle was put in and a erystal-clear fluid was 
obtained. Later, on examination of this fluid, it was typical spinal fluid with sugar and 
chlorides and so forth. The pedicle was ligated where it came from the vertebra in the 
region of the first and second. Similar plastic repair was done as has been described and 
the postoperative course was completely uneventful except for a Horner’s syndrome of 
moderate degree. 


The woman is back at work and I ean see no sign of recurrence so far. 


DR. BYRON.—This seems to be one of those entities that appear occasionally; one 
never hears about them and then one learns of a number of eases all together. For instance, 
pericardial celomie cysts were unheard of until Dr. Lambert reported a case in 1940. Now 
we know they are very common, and most of us have seen cases. Intrathoracic meningoceles 
may be reported with increasing frequency. I think there is some importance in making 
a preoperative diagnosis, because I do not believe operation is indicated in all cases. In 
the first place, with a large bony defect, it is questionable in many cases whether the defect 
can ever be satisfactorily closed, and second, since I believe that the meningocele is a 
herniation of the dura, I see no reason why herniation cannot recur. 

















THE USE OF TUBED PEDICLE GRAFTS IN CARCINOMA OF THE 
UPPER ESOPHAGUS 
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aia R of the esophagus has long tested the resourcefulness of surgeons and 
despite a prodigious amount of work and no little ingenuity, the results 
until very recently have been far from noteworthy. However, the past decade 
has witnessed very significant successes in the conquest of this formidable dis- 
ease. 

North American surgeons and members of this association in particular have 
contributed pre-eminently to this progress. Adams and Phemister’s' successful 
one-stage resection with esophagogastrie anastomoses’ s, the first on this continent, 
stimulated great interest. The subsequent signific...t contributions in this field 
by Eggers,? Churehill,? Garlock, Ochsner and DeBakey,’ Rienhoff,® and in par- 
ticular Sweet,” * are too well known to this group to warrant review. Suffice it 
to say that few of experience would question the desirability of gastric substitu- 
tion when esophageal sacrifice is necessary. The stomach has been carried 
higher and higher into the chest so that Sweet? has been able to report recently 
the very ereditable achievement of anastomosing the stomaeh to the esophagus 
high in the neck. 

Despite the eminently satisfactory results with the esophagogastrie proce- 
dure in lesions from just above the aorta downward, there is a sizable group of 
the higher lesions for which in our opinion one-stage resection with esophago- 
gastric anastomosis can never be the procedure of choice. Certain features of 
sareinoma of the cervical and upper thoracic esophagus appear to us of such 
importance as to justify the consideration of this lesion separately from ear- 
cinoma of the middle and lower third. 















Rational cancer surgery unequivoeally requires the removal of the entire 
eland-bearing area of the involved structure and the radical extirpation of the 
lesion. The requirements of a satisfactory cancer resection are well fulfilled for 
carcinoma at and below the level of the aortic arch by the procedure of resection 
and esophagogastrostomy in one stage. Lesions above this inevitably become 
eervicothoracie problems sinee from this area the lymph drainage is chiefly to 
the superior and inferior deep cervical lymph nodes (Fig. 1). This has been well 
shown by the studies of MeGibbon,'® Sakata,'! and others, Submucosal infiltra- 
tion, both upward and downward for great distances, occurs often in esophageal 
cancers so that one might question the validity of ever limiting the resection 
to the neck. It would appear illogical to limit the resection of the carcinoma 
and its regional lymphatics simply because a means of reestablishing the 
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physiologic function is easily at hand. As great a boon as the one-stage resection 
with esophagogastrostomy has been, we doubt that its effectiveness can be ex- 
tended consistently to lesions well above the arch or into the neck. 

A further point of importance in our sector is that unfortunately a sig- 
nificant number of people present themselves with an all too frequently ill-done 
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Fig. 1.—The lymph drainage of the upper third of the esophagus is predominantly to the lymph 
nodes in the lower cervical and supraclavicular region. 
gastrostomy. The difficulty or impossibility of elevating such stomachs to the 
neck or even to the cupola of the thorax is obvious. 
It would seem then that a combined cervicothoracie resection with radical 
resection of the regional cervical lymph nodes bilaterally en bloe would more 
nearly fulfill the requirements of a satisfactory cancer resection in carcinoma of 
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the upper esophagus. Such a procedure, of course, implies staging, and in this 
time of enthusiasm for one-stage operations, one can anticipate the criticism 
leveled at staged procedures. However, this factor can be considered of no more 
than secondary importance since as Lilienthal’? so well stated years ago, ‘‘The 
number of operations necessary to accomplish the desired result is of far less 
importance than its final suecess.’’ 








Fig. 2.—Case A. M., showing esophageal defect. The defect and distortion were due to 
the combined effects of a huge goiter and an annular carcinoma of the esophagus at the level 
of the first thoracic vertebra. 

Struck by the success of Wookey™ of Canada in the management of ear- 
cinoma of the esophagus confined to the upper cervical segment, we decided in 
1946 to attempt the incorporation of the principles outlined here into a plan of 
management for high esophageal lesions. The problem was first approached in 
the laboratory in the summer of 1946. The first attempts were made toward 
resection of the esophagus of the dog and immediate replacement with full- 
thickness free skin grafts. Although free graft was accomplished, the pro- 
cedure was considered to be of no practical value because of the subsequent 
contracture of the graft and production of an esophageal obstruction. Attention 
was then turned toward working out a technique of pedicle graft replacement 
of the upper portion of the esophagus using a tubed pedicle graft based on the 
neck and passed through the superior thoracic aperture into the chest for 
direct anastomosis to the esophagus. Technical difficulties were encountered in 
the dog which led to the impossibility of always obtaining primary healing and 
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prevented carrying the procedure to completion in a single dog. However, it 
was learned that long pedicle grafts could be easily prepared and transplanted 
into the chest and that they could be anastomosed to the esophagus without 
stricture formation. The technique was developed to such an extent that it was 
felt justifiable to apply it to a suitable human ease. Such a patient was found 
and is the subject of the following case report. 
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Fig. 3.—The diagrams illustrate the cervical portion of the first stage. This is a combined 
cervicothoracic procedure, the thoracic exposure being through the right third intercostal space 
(the same as illustrated in Fig. 5). 

The cervical incisions (1) are made in such a way as to turn a triangular flap. The esoph- 
agus is amputated high above the lesion at the inferior border of the cricopharyngeus (2) and 
after the resection the triangular flap is sutured to the cut end of the esophagus (3) in such a 
manner as to complete the upper end of the esophageal reconstruction. 


se eer 


CASE REPORT 

A. M., a 62-year-old white woman, was admitted to the Barnes Hospital on Sept. 2, 
1947, with the complaint of difficulty in swallowing for the preceding three months. She had 
a sensation as if food stopped in the throat at the level of the sternal notch. This difficulty 
was progressive until at the time of admission she could swallow only liquids and various 
soft foods. The patient had had enlargement of the thyroid gland since 12 years of age. 
Ten years before admission she went through a period of nervousness, which was attributed 
to thyrotoxicosis, and which responded to iodine therapy. She felt that the thyroid gland 
was larger at the time of this admission than it had ever been before. There had been a 
weight loss of five pounds in the preceding three months, 
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The physical examination was not remarkable, except for the presence of the enlarged 
thyroid, which was about three times its normal size. 

X-ray examination of the esophagus revealed displacement of the esophagus to the left 
and irregular filling, which was considered probably due to pressure from the enlarged 
thyroid gland. This filling defect started at about the level of the first thoracic vertebra 
(Fig. 2). 

On September 6 an esophagoscopy was performed, at which time a lesion was encountered 
18 em. below the upper alveolar border. This was an annular mass, biopsy of which revealed 
squamous cell carcinoma, grade III. 
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Fig. 4.—After the pedicle graft of the anterior chest wall has been prepared by the usual 
delaying procedures which insure its blood supply, the graft is converted into a tube (1) and 
passed into the chest medial to the left carotid sheath and posterior to the trachea (2 and 3). 
This procedure again requires a combined cervicothoracic exposure for anastomosis of the graft 
to the esophageal stump. The donor area from which the pedicle graft was removed is cov- 
ered with a split-skin graft (3). 


The patient was carefully evaluated and considered to be a good operative risk. There 
was no evidence of regional metastasis in the neck. It was decided that a resection of the 
upper third of the esophagus by a combined cervicothoracic procedure be done, to be 
followed by reconstruction of the esophagus at a later date. On Sept. 26, 1947, a combined 
cervicothoracic resection was performed. The right side of the chest was entered through 
the third intercostal space anteriorly. The lesion was identified with ease slightly above 
the level of the aortic arch. The esophagus was separated from the vagus nerve and from 
the trachea, the dissection being carried high into the neck. The tumor was readily palpable 
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and dissected free from surrounding structures. The esophagus was sectioned just below the 
level of the aortic arch, and the lower end was closed with inverting sutures, then anchored 
to the prevertebral fascia in order to prevent its retraction downward. The upper end of 
the esophagus was closed with a ligature, following which the chest incision was approxi- 
mated and a dressing applied while the attention was turned to the cervical portion of the 
operation. Incisions were then made in the neck in such a manner as completely to expose 
the neck anteriorly. A triangular flap was outlined by the incisions as illustrated (Fig. 3). 
Since the large goiter prevented access to the esophagus, a subtotal thyroidectomy was done, 
care being taken to protect the recurrent laryngeal nerves. The left sternocleidomastoid 
muscle was resected, and the contents of the left carotid sheath were retracted laterally. 
The esophagus was exposed and dissected free of its posterior attachments and of the trachea 
anteriorly. It was then delivered through the neck after being completely mobilized. The 
dissection of the esophagus was carried up to the inferior border of the cricopharyngeus 
muscle at which level it was sectioned. The triangular skin flap was then sutured to the 
remaining end of the esophagus, and the wound was closed as illustrated (Fig. 3). The 
thoracic wound was then closed after a catheter had been introduced into the right pleural 
space for water-seal drainage. 
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The right anterior thoracic approach is again used. It is of the greatest impor- 


Fig. 5. 
tance that the anastomosis be done meticulously and that perfect primary healing ensue if a 
stricture is to be prevented. 





The postoperative course was uneventful. On Oct. 1, 1947, a Stamm type gastrostomy 
was done for feeding. 

On October 15 the first stage operation for preparing a tubed pedicle graft from the 
anterior chest wall was performed. Six weeks later the pedicle graft was ready for trans- 
plantation into the chest, four minor preparatory procedures having been accomplished in 
the meantime. 

On December 9 the pedicle graft from the anterior chest wall was converted into a 
tube and inserted into the chest through the superior thoracic aperture and anastomosed 
to the distal end of the esophagus. This again was a combined cervicothoracie procedure, 
the thoracic approach to the esophagus being through the right third intercostal space (Figs. 
4 and 5). The defect on the anterior chest wall was covered with a split-skin graft. 
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During the operation biopsies were taken from the neck, from the posterior mediastinum, 
and from the distal esophageal stump. All of these biopsies subsequently showed what 
appeared to be a wildly growing anaplastic type of carcinoma. 


In view of the positive biopsies, it was decided to give the patient radiation therapy 
before attempting to complete the esophageal reconstruction. This was done through four 
posterior thoracic portals, cross-firing the mediastinum; and through two cervical portals, 
which spared the area which it was hoped might later be used for esophageal reconstruction. 
The x-ray therapy was started on December 22 and discontinued on Jan. 17, 1948. During 


this period the patient was fed by a tube through the new esophagostomy opening in the 
neck, and the gastrostomy was allowed to close, 
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Fig. 6.—The final stage in the reconstruction consists of completing the tube construction 
in the neck. The upper end of the anastomosis done at the first stage (Fig. 3) is not disturbed. 
The tube is completed (7 and 2), following which the large superficial defect is closed by sliding 
the skin from both sides and using relaxing incisions as indicated (3). 


Following subsidence of the radiation reaction, the patient’s condition improved 
markedly, and on March 13, 1948, the cervical portion of the reconstruction was completed 
(Fig. 6). At the time of this operation some small nodules were encountered deep in the 


neck which subsequently proved to be carcinoma. The operation was completed in spite of 
this finding. 


The postoperative course was uneventful. The patient was fed through an indwelling 
tube which had been passed through the nose and into the stomach at the last stage of the 
reconstruction. This tube was removed on the third postoperative day. Three days later the 
patient was started on water and liquids by mouth. She could swallow with ease. On the 
ninth postoperative day she was placed on a soft diet of puréed vegetables, chopped meat, 
ete., which she took without difficulty. This was rapidly advanced to a regular diet. By the 
end of two weeks the patient was taking the same diet as other unrestricted patients on the 
ward. In view of the positive biopsies at the time of the last operation, it was decided again 
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Fig. 7.—The cervical tube is completed and the defect closed. The relaxing incision has been 
covered with a split-skin graft. 





Fig. 8.—Barium swallow x-ray picture taken on the ninth postoperative day. The barium 
passed promptly into the distal esophagus through wide open stomas at both ends of the inert 
tube. The swallowing force was good and peristalsis of the distal esophageal segment was 
present and seemed to have an appreciable effect in emptying the replaced segment. 
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to administer x-ray therapy. A complete course of radiation was given to the neck through 
four portals, anterior and posterior and right and left lateral. The patient experienced a 
severe radiation reaction, and for a while it became difficult for her to swallow. With 
regression of the reaction, swallowing became better, and at the time of discharge from the 
hospital on April 30 the patient was again on a normal diet. 


Comment.—It is obvious that this patient cannot be expected to be a long 
survival. The reconstructive procedure was carried to completion in spite of the 
demonstration of persistent carcinoma. However, at the present time the patient 
is well and without clinical evidence of recurrence. The operation was com- 
plicated by the presence of a large goiter in the neck; consequently, a bilateral 
neck dissection was not done. We feel that the neck dissection should be an 
integral part of the procedure, and the technique of this procedure will be 
the subject of a future presentation. 





Fig. 9.—Photograph of patient nine months after completion of operation, showing normal 
appearance of neck and chest wall. 


A point of particular interest to us has been the retention of active peri- 
stalsis in the distal segment. When a thick barium meal is given, the barium 
column goes rapidly and readily down to the lower anastomosis site where im- 
mediate active peristalsis begins with the result that almost instantaneously the 
reconstructed portion of the food passage is sucked empty. This, we believe, has 
very important implications. 


DISCUSSION 


While such a small experience is never too imposing, we feel justified in 
reporting it since certain important principles are involved. First, it appears 
that the rational approach to cancer of the upper third of the esophagus re- 
quires resection of the lymph nodes most likely to be involved. Second, a com- 
bined cervicothoracie resection and bilateral neck dissection is a feasible pro- 
cedure, and, in our opinion, a less extensive assault falls short of the modern 
standards for cancer surgery. Moreover, this experience demonstrates the 
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possibility, for the first time to our knowledge, of utilizing tubed pedicle grafts 
within the mediastinum. Of the greatest interest perhaps is the highly satis- 
factory functional result obtained. 

We feel that with future cases the time can be greatly shortened so that 
the entire procedure can be completed within eight to ten weeks. 

The applicability of this procedure to high localized strictures of non- 
neoplastic origin which are not suitable for esophagogastrostomy is, of course, 
obvious. In such eases the entire procedure can be completed much more quickly. 

We wish to stress that in no sense are we unmindful of the magnificent 
advances stemming from the principles of one-stage resection with esophago- 
gastrostomy. Our hope is that the procedure described here will prove to be a 
useful addition to the armamentarium of the surgeon in his struggle with cancer 
of the upper esophagus. 


Grateful acknowledgment is made of the valuable advice and criticism we received 
from the members of the Plastic Surgery Service of Barnes Hospital. 
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DISCUSSION 


DR. FRANCIS O’DONNELL, Ann Arbor.—We have had an opportunity at the 
University of Michigan to see a case of the type mentioned by Dr. Burford. We, however, 
treated it differently. We performed a total esophagectomy, anastomosing the stomach to the 
pharynx. (Slides.) The patient was admitted in February, 1948, with a six-month history 
of progressive dysphasia. He had been reduced to a liquid diet for three months. He was 
in excellent general health. X-ray examination showed a stricture 4 em. above the supra- 
sternal notch. Esophagoscopy revealed the tumor to lie 3 em. below the upper end of the 
esophagus. Biopsy showed a scirrhus carcinoma; there was no evidence of metastases, 
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The patient refused a flap operation and left the hospital, but returned in two months, 
having lost thirty pounds and having been completely obstructed for five days. Roentgeno- 
gram showed complete obstruction. The stomach was mobilized and brought to the apex of 
the chest. Of interest is the fact that the stomach was brought behind or to the right side 
of the arotie arch,,since it is found that the esophagus takes the shortest and most direct 
route. A cervical incision was then made and the thoracic esophagus was brought out 
through the incision. 

The incision on the tenth postoperative day consisted of a transverse incision and 
extension up the left sternomastoid. The cervical esophagus and the inferior 3 em. of the 
pharynx were then freed and, drawing the stomach up into the neck, an anastomosis was 
made and the esophagus was removed. 

(Slide.) This is the resected specimen showing the upper end—the free piece of 
tissue is the abdominal portion of the esophagus which, was removed so that closure of the 
stomach could be through the gastrie wall rather than the esophageal wall. When the 
anastomosis was performed at the neck there was free bleeding from the stomach, as a 
quarter size piece of gastric wall was excised preparatory to the anastomosis. Much to the 
relief of the surgeon, five ligatures had to be placed in the submucosal bleeding vessels of 
the gastrie wall, The chest and neck were both drained. Penicillin was given for twenty 
days postoperatively and streptomycin for five days. The postoperative course was relatively 
benign except for a diarrhea on the seventh postoperative day, which might have been fore- 
seen because of the extensive vagus resection. The diarrhea ceased on the thirteenth day. 

(Slide.) This shows the thoracic and cervical stomach as seen on the twelfth day. 
There are two points of interest. On the right side can be seen the pylorus lying about 
4 em. below the diaphragm. The duodenal loop is somewhat straightened because of mobiliza- 
tion of the duodenum and moving it toward the left. At the left can be seen the stomach 
extending high into the neck, the barium just opposite the hyoid bone. We were unable to 
time our x-rays to cateh the barium as it went through the pharynx and stomach. We had 
one severe problem postoperatively. There was no inferior constrictor muscle because it was 
excised. This led to small ulcerations about the mouth. They were treated by giving small 
amounts of alkali and the head of the bed was elevated to prevent regurgitation. He has 
gained twelve pounds since operation. Dr. Alexander sent me a wire last night saying the 
patient’s temperature is normal and he is eating very well. 


DR. RICHARD H. SWEET, Boston.—I was intensely interested in this presentation 
and congratulate Dr. Bricker and his associates on the successful accomplishment of some- 
thing I have had in mind for a long time. I think one of the most significant things is that 
they lay emphasis in the correct place; we are dealing with a malignant tumor which has 
probably already metastasized to the regional lymph nodes when the patient comes in for 
treatment. In other words, any attempt at cure without taking out the regional lymph nodes 
will be doomed to failure. I have had a great deal of early enthusiasm for Dr. Wookey’s 
procedure, but although I have had great success with function after the procedure—the 
ultimate result has been disappointing. All patients have died of recurrent or metastatic 
disease. 

(Slides.) If we can relieve the patient so that he can swallow for the rest of his life 
that is probably all we will accomplish. In this case we were fortunate in catching some of 
the barium going through the anastomosis. 

I think we should try the technique described here, but I am sure in my hands it 
would be doomed to failure, as was the Wookey procedure, unless we can take out the regional 


lymph nodes. 


DR. JOHN R. PAINE, Buffalo.—I should like to tell of one patient operated upon 
with minor variations of Dr. Wookey’s technique. This was a 53-year-old woman who had 
been obstructed for three months, 
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(Slides.) This is the x-ray film taken in 1947 showing the obstruction in the lower 
portion of the cervical esophagus. We used the Wookey technique, making a flap on the 
front of the neck. It was excised down to the upper border of the third dorsal vertebra. 
The larynx was involved in this case. Three biopsies had been reported as negative. At the 
time of operation the pathologist was willing to say it was a neoplasm, but did not say 
what the character was. 

This picture was made three months later. It is hard to indicate exactly where the 
anastomosis is. The segment extends from the top of the third dorsal vertebra up to the 
pharynx. This is the late view after reconstruction of a skin tube. The barium will be seen 
in the sinus formed after the second operation. Four attempts were made at closure without 
success, and when the patient came back in one week they had closed of their own accord. 
After study of the section, several pathologists have told me it is some variety of sarcoma or 
endothelioma, but they are not definite as to type. Several lymph nodes were reported as 
negative after removal, and I hope this patient has some chance of cure. 

This picture shows a trough through which she swallowed saliva. The second operation 


bridged this trough over. 


DR. BRICKER.—I would like to thank the discussors, and particularly Dr. Sweet, for 
his encouragement. We are, of course, unable to argue strongly for this procedure on the 
basis of only one case. However, the enthusiasm which we admit is based on certain points 
which we think are sound: 

First, regarding the cancer resection, we feel that a bilateral neck dissection and en 
bloe resection of the esophagus is the only procedure that can logically be expected to offer 
a reasonable chance of cure. Of course, if one decides that the disease is actually incurable, 
a view not too unjustified by survival figures so far, and that any surgery is simply palliative, 
aimed at allowing the patient to swallow comfortably for as long as possible, then the neck 
dissection can be discarded as a useless procedure. However, we disagree with this philosophy 
and feel that we should continue to aim at curability, and that time will prove that ear- 
cinoma of the upper third of the esophagus will not be controlled without regional lymph 
node removal. 

The technique of bilateral neck dissection en bloe with the esophagus is a perfectly 
feasible procedure anatomically, which we hope to report in detail in the future. 

Postericoid and higher lesions can be handled in a similar manner, the technical pro- 
cedure being somewhat simplified by the sacrifice of the entire ribbon muscle compartment 
and larynx, with preservation of parathyroid function being the only problem. It is our 
opinion, admittedly not entirely crystallized at this point, that even the posteoracoid lesion 
should be handled as a combined cervicothoracic problem. This opinion is based on the 
necessity for wide resection of the esophagus itself, occasioned by the extensive submucosal 
lymphatic spread which we have witnessed and which has been noted by others. 

Second, regarding restoration of the esophagus, our enthusiasm, which remains still to 
be justified, stems from the following points, most of which have already been covered. 

1, The method provides a means of bridging a gap by choosing the shortest distance 
between two points. 

2. The method provides the only means, to our knowledge, of preserving the propulsive 
force of the swallowing mechanism, plus the peristaltic force of the distal esophagus, plus 
a physiologic esophagogastrie opening. 

3. The method provides for intrathoracic reconstruction with tissue which has been 
prepared and for which the blood supply has been assured, rather than with tissue, such as 
jejunum or stomach, which must be carried in a one-stage procedure to the poorly defined 
limit of its blood supply and viability, and buried from sight. 


4. The method does not require the disturbance or displacement of abdominal viscera 
in any way, except for the performance of a gastrostomy. 











TRANSTHORACIC SMALL BOWEL SUBSTITUTION IN HIGH 
P STRICTURE OF THE ESOPHAGUS 


ALBERT WILSON Harrison, M.D. 
GALVESTON, TEXAS 


HE construction of an artificial esophagus has challenged the ingenuity of 

surgeons throughout the world. That this challenge yet remains is testified 
by the multiplicity of approaches and methods used and by the perennial ap- 
pearance of new techniques. A comprehensive summary of these techniques was 
published in 1944 by Yudin* of Moscow and his results in an extensive experi- 
ence with 80 eases reflected the gratifying progress that had been made. Since 
then Longmire and Ravitch! have demonstrated the use of transplanted small 
bowel within a skin tube and even the preservation of its blood supply by 
anastomosis to the internal mammary artery. Rienhoff? has used small bowel 
transthoracically by reversing a length of jejunum back into the chest and 
anastomosing it antiperistaltically with the esophagus. 

It is in the hope of contributing a bit further to the solution of this prob- 
lem that the following cases are reported. 


CASE REPORTS 


Case 1.—P. H. W. (Fig. 1), a 3-year-old colored boy, had had a Janeway gastrostomy 
almost two years previously for lye stricture of the esophagus. Investigation revealed the 
stricture to be practically complete at the level of the cricoid cartilage (Fig. 3) and all 
attempts at dilatation failed. It was obvious that if he were to eat again, some form of 
substitution would be necessary. To this end three stages of operation were planned. In 
the first, through an abdominal incision, a segment of jejunum was prepared with one 
arcade of blood supply and isolated. Jejunal continuity was re-established by end-to-end 
anastomosis. The isolated segment was brought up through the transverse mesocolon, its 
distal end being anastomosed to the fundus of the stomach and its proximal end closed. 
Two weeks later the left side of the chest and diaphragm were opened. The esophagus was 
dissected from the mediastinum and transected at the cardia. It was then brought out 
through an incision in the neck along with the proximal end of the jejunal loop. Excess 
esophagus was left for a few days to conduct saliva away from the neck wound. 

After this stage an unplanned gastroenterostomy became necessary to relieve an 
obstruction at the pylorus. Apparently this was due to the combined effects of vagotomy 
and bow-stringing of the artery to the displaced segment across the lower stomach. At the 
third stage, two weeks following the second, the stricture was excised and the pharynx was 
opened to a diameter of 1.5 em. by a posterior median slit. The jejunal segment was opened 
and a two layer end-to-end anastomosis was made to the pharynx. 

A good result was obtained at first. The chest was clear (Fig. 5) and a barium 
swallow (Fig. 7) passed rapidly into the more tortuous bowel within the chest. Rapid and 
vigorous peristalsis delivered it into the stomach in less than one minute. Within a few 
weeks, however, swallowing became more difficult and an attempt at dilatation resulted in a 
pneumothorax. Four months after the third stage the pharyngojejunal anastomosis was 
excised and reconstructed with a much larger aperture. This time the child was discharged 
home, eating normally. He still swallows well four months later. 


From the Department of Surgery, University of Texas, Medical Branch. 


Read at the Twenty-eighth Annual Meeting of The American Association for Thoracic 
Surgery, Quebec, Canada, May 31, June 1, 2, 8. 
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CASE 2.—C. B. (Fig. 2), also a 35-year-old colored boy, had had a Janeway gastrostomy 
after drinking lye at about the age of 16 months. Barium study showed a complete stricture 
of the esophagus just above the manubrium (Fig. 4). Operation was done in three stages 
as in the first case, but with certain notable differences. In the first stage the isolated loop 
was brought up behind the stomach and out through the gastrohepatic omentum, and in the 
second stage the vagus nerves were carefully preserved. The esophagus itself was unusual 





Fig. 1. Fig. 2. 


Fig. 1 (Case 1).—Photograph showing gastrostomy and scars of the various stages of 
operation. 
Fig. 2 (Case 2).—Photograph showing lateral view. 


in that it had become obliterated and reduced to a fibrous cord in the thoracic inlet. Finally 
during the dissection it pulled out entirely. An artificial opening was made up through the 
cervical mediastinum and the end of the loop was implanted alongside the upper esophageal 
segment. In the third stage the upper esophageal pouch was found to be quite large and 
filled with wads of chewing gum, food, and other matter. To obtain a sufficiently wide 
anastomosis here was no problem. 


= 
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Fig. 4 (Case 2).—Dilated esophageal pouch filled with barium; extraneous barium on skin 
appears on the right. 
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Fig. 5. Fig. 6. 


Fig. 5 (Case 1).—Postoperative chest film of patient showing dilated stomach. 
Fig. 6 (Case 2).—Postoperative chest film of patient, relatively clear. 





Fig. 7. Fig. 8. 
Fig. 7 (Case 1).—Barium swallow; the bowel is quite tortuous but peristalsis is vigorous 
and delivers barium into stomach in one minute. 
Fig. 8 (Case 2).—Barium swallow, showing straighter bowel and more rapid progress of 
barium. 
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Postoperatively the chest was clear (Fig. 6) and the barium swallow (Figs. 8 and 9) 
dropped more or less straight to the lower thorax where peristalsis in the lower coils rapidly 
passed it on into the stomach. The patient was discharged in one month after operation, 
ating normally, Plans were to leave the gastrostomy open for a test period of one year or 
so before closure. 


1 





Fig. 9 (Case 2).—Lateral view showing a straight in upper mediastinum, coiled in 
ower. 

‘rom these histories it is evident that three principal mistakes were made 
in the first ease. (1) The antegastriec transposition of the jejunal segment 
resulted in obstruction in the antral region of the stomach. (2) Vagotomy at 
the time the esophagus was resected rendered the stomach atonie and con- 
tributed to the obstruction. (3) The anastomosis at the pharyngeal junction 
was made too small beeause of fear of interfering with the mechanics of 
swallowing, whereas subsequent observation showed this danger to be more 
theoretic than real. There were no significant complications other than the ones 
mentioned. The thoracic duct fortunately was not encountered in either case 
and the recurrent laryngeal nerves were carefully avoided. The distal esophagus 
was resected both times to eliminate a potential source of danger in the 
mediastinum. All wounds healed per primam. 


TECHNIQUE 


The problem in the first stage of such an operation is to isolate a segment of jejunum 
whose blood supply will have adequate length to reach the neck without undue tension and 
without too much redundancy of bowel. To accomplish this a long arterial arcade is estab- 
lished by sacrificing as many intermediate radicals as seems necessary (Fig. 10), usually 
no more than one or two main jejunal branches. As shown in the drawings, the bowel is 
transected proximally where the secondary radicals are longest so as to give maximal upward 
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offset of bowel along blood supply, thereby adding length to the proximal end. The distal 
end on the other hand should be cut as short as blood supply to the remaining jejunum will 
permit. This serves to minimize redundancy in the isolated segment, which is always a 
problem. The proximal arterial supply is not divided as in the drawing until the second 
stage. 

The loop is brought up through the transverse mesocolon, the lesser peritoneal sac, and 
the gastrohepatic omentum where it is fixed to preserve maximum length above this struc- 
ture. The proximal arterial radical is tagged for ready identification later. The continuity 
of the remaining jejunum is re-established by end-to-end anastomosis. 





Fig. 10. Fig. 11. 


Fig. 10.—Plan for first stage of operation showing how bowel will offset upward on blood 
supply. 

Fig. 11.—First stage completed. Isolated segment is actually coiled and covered with 
veil of omentum to prevent adhesions. Proximal arm of arterial arch is not divided until 
the second stage. 


The distal end of the jejunal loop is anastomosed to a fairly large circular ostium in 
the fundus of the stomach made by excising a coinlike portion of its wall. The proximal 
end of the loop is closed. The loop is then coiled up, covered with a veil of greater omentum 
to prevent adhesions, and left beneath the diaphragm (Fig. 11). 

In the second stage the chest is opened through the seventh interspace and the dia- 
phragm opened anterolaterally for a short distance from the esophageal hiatus. The segment 
of jejunum is freed with extreme care to avoid tearing away seromuscular layer. The 
proximal arm of the arterial arch which was tagged previously is divided and the mesentery 
dissected along the remaining vascular supply to remove peritoneum, lymph nodes, and other 
tissues restricting length. Care must be taken not to place tension on the vessels which 
might injure them. The vagus nerves are mobilized from the esophagus and preserved. The 
esophagus is freed from the mediastinum and transected at the cardia. The opening in the 
stomach is closed securely to permit early feeding. 

An incision is made along the anterior border of the left sternomastoid and both the 
esophagus and the upper extremity of the jejunal loop are drawn out the neck with as little 
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tension as possible. The jejunal segment may pass on whichever side of the aortic arch 
that seems best. The loop inside the chest is straightened as well as possible and the excess 


is replaced in the abdomen where it is fixed as the diaphragm is closed. Penicillin is left 


L~ 





Fig. 12.—Second stage completed. Segment of bowel is much more tortuous than shown. 





Fig. 13.—Anastomosis of esophagus to jejunal segment is complete. 
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in the pleural space and two or more intercostal drainage catheters are employed for a few 
days to insure early and complete re-expansion of the lung. The resulting picture appears in 
the drawing (Fig. 12). 

After the mediastinal space is well sealed, the anastomosis can be made in the neck 
without fear of possible leakage (Fig. 13). The anastomotic aperture should be made as 
large as possible by beveling or some such device. A small rubber tissue drain should prob- 
ably be left in the retroesophageal space postoperatively. 


DISCUSSION 

Although two eases represent a very limited experience, certain essential 
features have been observed to contribute most directly to the outeome. (1) In 
the first stage the jejunal loop must be carefully planned to obtain maximum 
length of blood supply and minimum length of bowel on its distal end. Al- 
though it has not been tried, it would seem feasible even to sacrifice some of 
the redundant portion of bowel to get a ‘‘straight shot’’ to the stomach. (2) 
The loop must be transplanted behind both colon and stomach to take full 
advantage of the length of the artery and to avoid obstruction to stomach or 
bowel. (3) The loop is closed at its proximal end and anastomosed to stomach 
at its distal end at the first stage to avoid contamination of the mediastinum 
during the second stage. (4) A fair-sized coinlike portion of the stomach 
should be excised for anastomosis to insure adequate centrifugal pull by 
gastric muscularis for maintaining patency. (5) Extreme gentleness and eare 
are necessary at all times if adhesions are to be avoided. (6) The vagus nerves 
should be preserved if at all possible. (7) The blood supply should be carefully 
liberated to its fullest extent by dissecting away peritoneum and lymphatie 
tissue. (8) Closed drainage of the pleural space postoperatively hastens 
closure of the mediastinum and prevents infections. (9) The third stage is 
delayed until the mediastinum is well sealed so there will be no danger should 
the cervical anastomosis leak. (10) And finally the anastomosis in the neck 
should be as large as feasible. 

The advantages of this method seem to be as follows: (1) The blood 
supply to the transplanted loop is routed through the shortest most direct path 
to the neck, thereby creating less difficulty in obtaining adequate circulation. 
(2) The substitute segment of bowel is shorter and straighter and the ingested 
bolus ‘‘drops’’ more rapidly to the stomach. This avoids the relative stasis of 
longer segments. (3) The loop is isoperistaltic and responds well to the 
stimulus of distention. (4) The stomach retains its normal function regarding 
both eapacity and digestion. (5) Two potential danger points, the anastomosis 
sites, are outside the chest and thus more accessible if difficulty should arise. 
(6) The gastrostomy is not disturbed throughout the entire procedure so that 
there is always a satisfactory means of maintaining nutrition. (7) Last but 
not least the cosmetic effect is much more satisfactory. 


SUMMARY AND CONCLUSIONS 


Two ease reports have been presented in which complete lye strictures of 
the cervical esophagus were treated by transthoracic substitution of a loop of 
jejunum for the esophagus. The three stages of operation for this have been 
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described and the essential features pointed out. The advantages have been 
enumerated, the disadvantages being taken into account. So far the results 
have been very encouraging and further trial seems indicated.* 
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DISCUSSION 

DR. HERBERT WILLY MEYER, New York.—This interesting paper of Dr. Harrison’s 
is an important contribution to the surgery and reconstruction of the esophagus. The intra- 
thoracic use of a single tube of jejunum to replace the esophagus is a real advance. In 
1940 we had to resect the lower thoracie esophagus together with a total gastrectomy for 
carcinoma. An intrathoracie esophagojejunostomy was employed to re-establish continuity 
of the intestinal tract. A double-barrel loop of jejunum was brought up into the thorax 
with an enteroenterostomy lower down within the abdomen. The Roseoe Graham type of 
anastomosis was employed. There was definite tension at the suture line. We briefly re- 
ported this case at the Toronto Meeting of our Association and the case was published in 
Surgery in 1942. I should like to present one lantern slide to show the functioning anas- 
tomosis four months after the operation. Dr. Churchill at that time stated that he had 
performed a similar operation but the patient unfortunately did not survive. We both had 
found that there was a good deal of tension at the site of the anastomosis if a double-barrel 
loop of jejunum was employed. 

Dr. Harrison’s method of using only a single tube of jejunum is a real advance and 
completely overcomes the objection of tension at the anastomosis. I am certain that this 
newer and better method will be employed frequently in performing intrathoracic esophago- 


jejunostomy. 


DR. RICHARD H. SWEET, Boston.—I hesitate to address you again, especially after 
such a brilliant procedure which is far better than any of my own experiences in this field, 
but I would like to tell you that I have also been trying to ‘‘out-Rienhoff Rienhoff.’’ 

(Slides.) This was another example of the use of the jejunum in the mediastinum, 
and I am absolutely convinced that that is the proper place for it. I think it is far 
superior to any external esophagoplasty of any sort whatever, especially using the jejunum. 
This was a case of lye stricture of the esophagus involving the entire esophagus from the 
pharynx down. 

This is the resected specimen and, because of my preference for one-stage operations, 
I performed this in one stage with two phases, the abdominothoracice as the first incision, 
freeing a loop of jejunum, bringing it up and then after a sufficient quantity of jejunum 
had been obtained, closing the chest incision and making the cervical one. This shows the 
swallow of barium going down through. The operation is not an easy thing to accomplish, 
and I am sure Dr. Harrison’s method has certain superiorities. This loop was brought up 
and after transection the proximal end was implanted low down into the distal portion by 
the Roux type of procedure. The other end was used for the pharyngojejunal anastomosis. 

The reason I did not use the stomach in this patient was that she had had the antrum 
resected because this lye had not only burned the entire esophagus but had also produced a 
stricture at the pylorus. She had had a partial pylorectomy which made it impossible to 


mobilize the stomach, 
*At the time of this publication, one year later, both patients eat well and are appar- 
ently without complication or difficulty. 
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DR. WILLIAM F. RIENHOFF, Baltimore—We have had three successful cases of 
intrathoracic transplantation of the jejunum following resection of the esophagus and I 
intend to use this method more frequently in the future, for the simple reason that the 
jejunum, from the standpoint of length available, prevents difficulties and the size of the 
eventual tube is better suited to take the place of the esophagus in the mediastinum than 
pulling up the bulky stomach. I was very much interested in Dr. Harrison’s presentation and 
Dr. Sweet’s discussion. Dr. Harrison’s leaving the first branch of the vasa recta jejunalis 
may have a very important role in preventing scarring and curling of the jejunum which is 
left in the abdomen following mobilization. Dr. Blalock, some years ago, suggested to me 
that it would perhaps be better to leave the jejunum in the abdomen for a few days after 
mobilization by cutting the first, second, and third recta jejunalis, dividing the proximal 
end of the jejunum just distal to the ligament of Treitz. However, it was found that when 
this was done the jejunum became curled and the vascular comb was shrunk and scarred 
to the extent that it was very difficult to affect a thoracic bridge or spread out the jejunum 
sufficiently to bring it into the chest cavity. Attempts to straighten the jejunum would 
often tear the mesentery and result in interference with circulation to the bowel. These 
patients were reported in the Southern Medical Journal in December, 1946. 

A reversed Roux loop, leaving the first vessel departing to the jejunum from thie 
superior mesenteric artery, was performed by me and left in at this time. This left the 
first artery intact, as suggested by Dr. Harrison. Perhaps some form of transplantation of 
vessels into the mesentery of the jejunum intrathoracically might be the answer to the 
problem. 

The difficulty in using jejunum heretofore has certainly been one of interference with 
circulation to the bowel. In a patient reported by Dr. William Longmire, in which he did 
a subcutaneous transplantation of the jejunum, the internal mammary artery was sutured 
to one of the jejunal vessels of the vascular comb. This method, however, on account of 
the very small diameter of the vessel would probably not be practical in the majority of 
‘ases and, furthermore, such a vessel could not be used intrathoracically because not enough 
length could be obtained. If the circulation of the jejunum is maintained, and I think it 
an be, there would seem to be no question of a doubt as to the desirability of the use of 
jejunum in preference to the stomach. 


DR. CLARENCE CRAFOORD, Stockholm.—I do not know if information is available 
in this coutry about the work that Yudin in Moscow has done in this field. I have not heen 
able to obtain any accurate information myself, but from Russian surgeons who have visited 
Stockholm I have heard that he has now done between 200 and 300 operations of this type, 
anastomosing the jejunum with the esophagus as high up in the neck as the pharynx. In 
this number are included, I have been told, both cases done in many stages and one-stage 
procedures, both in front of the sternum and inside the chest. He has also tried the same 
method that Dr. Harrison has deseribed, but he has found that later on in these stumps, 
transplanted into the pharynx, there has developed severe irritation even with ulcerations, 
so he now strongly advises not to anastomose the jejunum with the stomach. He advises 
letting the food go directly from the mouth into the jejunum, excluding the stomach. 

I have performed only one of these operations, and it was astonishing to me to see 
how long a loop it was possible to obtain with very good circulation by dividing the vessels 
after the method shown by Dr. Harrison. One can divide four or five branches and get a 
loop that is about 75 to 100 em. long, which carries up into the neck without difficulty. 


DR. OWEN H. WANGENSTEEN,,. Minneapolis—Dr. Harrison’s report has been very 
stimulating. There is an additional maneuver that may be implemented to insure a better 
arterial blood supply to the jejunal loop swung up into the thorax, a procedure which I have 


employed several times as an auxiliary to total gastrectomy, with the thought in mind that 


the capacity of the new jejunal reservoir for food would he increased thereby. The tech- 
nique consists in denuding the superior mesenteric artery at its root from the aorta from 
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the overlying adventitious tissue; in other words, the superior mesenteric ganglion is re- 
moved. This procedure should not only delete the anastomotic arterial channels of the 
small intestine but should, at the same time, diminish the resistance to distention of the 
loop, thereby, theoretically at least, making it possible for the patient to eat larger meals 
without experiencing intestinal colic. 

I have had no experience with the procedure described by Dr. Harrison of bringing 
segments of jejunum up within the thorax. Whether one should anastomose the distal end 
of that segment to the fundus of the stomach as Dr. Harrison did or re-establish continuity 
by an end-to-side jejunojejunostomy, as Yudin does and Crafoord prefers, is difficult to 
decide. An isolated gastric pouch into which neither food nor saliva make their way may 
invite a duodenal ulcer; on the other hand, may a jejunal ulcer develop at the new jejuno- 
gastric anastomotic site if the new esophagus (jejunal segment) is anastomosed to the 
stomach? In other words, both procedures leave questions unanswered, to be resolved only 
by time and more experience. In defense of the operation as Harrison did it, there is at 
least this consideration: a jejunogastric inlet anastomosis probably does not invite a stomal 
ulcer in the same degree as a gastrojejunostomy outlet, because in the latter instance the 
stoma is an important outlet for the acid-peptie digestive juice, whereas, in the instance of 
the jejunogastrie inlet anastomosis, there will be only occasionally regurgitation of gastric 
juice into the proximal jejunal segment. Whereas Dr. Harrison believes it best to leave the 
vagi nerves in order to avoid gastric retention, vagotomy by reducing gastric secretion may 
diminish the hazard of a stomach ulcer. If a vagotomy is done, a pylorotomy of the Ramm- 
stedt type probably should be added. 

There is an additional comment which I should like to make with reference to the 
nature of so-called idiopathic esophagitis and stricture. The experience of our surgical 
clinie with the management of these lesions suggests that esophagitis is a manifestation of 
ulcer disease. My associate, Dr. N. Logan Leven, and I have now observed six patients in 
whom gastrie resection did away with the necessity for continued dilation of an esophageal 
stricture. The first patient was observed in 1939; an extensive gastric resection was done 
beeause of massive hemorrhage for a duodenal ulcer. During the previous five years, the 
patient’s esophagus had been dilated more than 100 times. After a few dilations following 
gastric resection, the necessity for dilating the esophagus disappeared. During the interven- 


ing years, five additional patients with esophageal stricture have been treated similarly with 


equal success. Some of these patients have had an accompanying ulcer, others have not; 
one patient had a corkscrew-like stricture of the lower esophagus associated with a con- 
genitally short esophagus. I am now considering the idea of exploring the possibility of 
whether the dysphagia of cardiospasm as well as that of bona fide lye stricture (of the 
lower esophagus) also may respond to gastric resection, on the thesis that an active acid- 
peptic secretion may continue an established vicious circle. 

Moreover this much also probably should be said: the esophagus undoubtedly is more 
susceptible to injury by the acid-peptic digestive juices than is the stomach or the 
duodenum. And if the esophagus rather than the duodenum were the gastric outlet, I 
believe that every patient with an active gastrie secretory mechanism would have an acid- 
peptie uleer in the esophagus. Work now in progress in our experimental laboratory shows 
definitely the greated vulnerability of the esophagus to injury by the gastric secretions. If 
a dog’s duodenum is obstructed just beyond the pyloric outlet and histamine is given to 


stimulate gastrie secretion, esophagitis with perforation is a common sequel, whereas the 
stomach in the short postoperative survival period appears to escape unscathed, 


DR. HARRISON.—It is indeed gratifying to hear the encouraging comments of these 
distinguished gentlemen. In answer to Dr. Rienhoff’s question, certainly the bowel is inclined 
to shorten and become adherent, and the mesentery contracts. The purpose in very care- 
fully wrapping this loop of bowel in available omentum is to prevent these adhesions. It 
seemed to me in these two cases that by carefully dissecting the mesentery and teasing 
away the restricting tissues the loop should gradually straighten out to the necessary length. 





COMPLETING THE MULTIPLE-STAGE OPERATION 
FOR ATRESIA OF THE ESOPHAGUS 


Conrap R. Lam, M.D. 
Derrorr, MicuH. 


N 1943, Haight and Towsley! reported the first successful surgical repair of 

congenital atresia of the esophagus by a single mediastinal operation. Since 
then, there has been general agreement that this plan of attack is far superior 
to the multiple-stage procedure which resulted in a fair number of surviving 
children, most of whom, however, carried salivary fistulas and gastrostomies for 
a long time while they waited for the final construction of the antethoracic 
esophagus. The improved prognosis in infants treated by primary end-to-end 
anastomosis is illustrated in Swenson’s? excellent series. He was able to com- 
plete the operation in thirty-two out of thirty-seven cases, and, of these, twenty- 
seven survived, 

In my series of thirteen infants, it was possible to perform a presumably 
satisfactory anastomosis nine times. Only three of these babies survived; the 
unsatisfactory results were due to breakdown of the anastomosis four times and 
anesthetic difficulties twice. Of the four babies who did not have an end-to-end 
anastomosis, two died in the immediate postoperative period following intra- 
mediastinal ligation of the fistula, and futile attempts to connect the segments 
of the esophagus. The other two children have had the continuity of the ali- 
mentary tract established by the construction of an antethoracie esophagus when 


they were relatively young (at ages 27 months and 18 months). It is with the 


surgical problem of completing such multiple-stage procedures that this paper 
is concerned. 

As will be seen*from the case reports, the sequence of events differed con- 
siderably in the two infants. Nevertheless, the final anatomie situations were 
identical, and the following general plan of management was evolved. If ap- 
proximation of the two segments is impossible at the time of the mediastinal 
exploration, the lower segment is detached from the trachea, ligated, and allowed 
to retract toward the abdomen, and the tracheal opening is closed (Stage 1, 
Fig. 1). Two days later, if the condition of the infant warrants, the upper 
segment is exteriorized in the left clavicular region and is opened to permit sham 
swallowing (Stage 2, Fig. 1). The third stage follows shortly; it consists of 
mobilization of the eardiae end of the stomach and the lower esophageal segment 
through an abdominal approach. The segment is exteriorized through a skin 
tunnel, the end being brought out as high as possible on the chest wall (Stage 3, 
Fig. 1). Feedings through this esophagostomy are carried out during the ensu- 
ing year by the intermittent insertion of a catheter. Such an esophagostomy is 
better than a gastrostomy, because the intact cardiae sphineter retains the 
stomach contents after the removal of the tube and there is no excoriation of the 

From the Division of General Surgery of the Henry Ford Hospital, Detroit, Mich. 


Read at the Twenty-Eighth Annual Meeting of The American Association for Thoracic 
Surgery, Quebec, Canaca, May 31, June 1, 2, 1948. 
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skin. Carter® suggested such use of the lower segment, but in his one case, an 
abdominal operation only was done and only that part of the esophagus which 
could be drawn down through the esophageal hiatus was available. The infant 
lived only a few weeks. It may be significant that there is no record of an 
ultimate survival when a blind esophageal pouch has been left attached to 
the trachea. 


STAGE 2 
Upper 
esophogostomy 








A_STAGE I 
A Closure of 
fistula 


esophogostomy 


Fig. 1.—Plan of first three operations which may be carried out in the first week if a multiple- 
stage method of management of congenital atresia of the esophagus is necessary. 


During the second year of life, the two esophagostomies are connected by 
a skin-lined tube. The plan of this phase is illustrated in Fig. 2. Theoretically, 
the tube could be constructed in three stages, (1) preliminary formation of the 
tubed pedicles (not shown in Step A, Fig. 2); (2) formation of the tube proper, 
with covering of its raw external surface with adjacent skin and/or the tubed 
pedicles (Steps A to D, Fig. 2), and (3) final severance of the pedicles (Step 
E, Fig. 2). Actually, in the two eases reported below, a considerably larger 
number of operative procedures were required. Most of the difficulties resulted 
from attempted short-cuts to avoid the use of tubed pedicles, and from strictures 
at the esophago-dermie junctions. 


Case 1—T. R. A preliminary and a progress report on this child have been made in 
previous communications.4;5 He was born in the Henry Ford Hospital on Aug. 1, 1943, 
and the diagnosis of atresia with tracheo-esophageal fistula was made when he was three 
days old. Because of the high mortality then associated with the mediastinal operation, 
I elected to do the multiple-stage procedure, although I have no doubt that the direct 
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begun when the child is 1 year 





This stage may be 


two esophagostomies. 


of age. 
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operation would have been anatomically feasible. On August 4, under drop-ether anes- 
thesia, the stomach was transected as near the cardiae orifice as possible and mushroom 
catheters were placed in the two parts of the stomach. ‘The one on the pyloric side was 
used for feeding and the one on the eardiae side was used to drain the remaining lower 
segment of esophagus. Such a procedure was once used by Gamble,® whose patient died 
on the twelfth day from perforation of the stomach. It was similar in principle to a plan 
followed by Leven? on a child who is now the oldest patient to survive any kind of attack 
on the anomaly. 





. 


Fig. 3 (Case 1).—Photograph taken after the first attempt to form the skin tube. Note 
the upper small defect (arrow) and the larger lower defect which has been temporarily bridged 
with a piece of rubber tubing. 


On August 18, the upper segment of esophagus was exposed through an incision along 
the anterior border of the left sternomastoid muscle, and its length was such that the end 
could be exteriorized through an opening in the skin below the clavicle. (Stage 2, Fig. 1.) 
At the age of one month, he was discharged to home care. The plan was to allow him to 
attain the age of one year before anything further was done. However, on Jan. 21, 1944, 
he was admitted as an emergency case because he had coughed up some food which had 
been placed in the distal gastrostomy. It was obvious that a fistula had formed between 
the two portions of the stomach, and it was urgent to disconnect the lower segment from 
its fistulous connection with the trachea. On January 24, I opened the left pleural cavity 
through the seventh interspace. The esophagus, which was the size of the little finger, 
was picked up and traced to where it joined the trachea at its bifureation. It was doubly 
ligated at this point and cut. The diaphragm was opened and the cardia was mobilized 
by cutting the short gastric and left gastric vessels and the end of the esophagus was 
brought out through a stab wound in the left lateral ‘abdominal wall. It could not be 
brought to its final location on the anterior chest wall because the two gastrostomies were 
in the way. On February 11, the continuity of the stomach was re-established and the 
two gastrostomies closed. Feeding was now easily accomplished by the intermittent in- 
sertion of a catheter into the lateral esophagostomy. On February 19, he was discharged 
again for home care. 
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On Aug. 19, 1944, when he was a little over 1 year old, he was admitted for the con- 
struction of the antethoracie esophagus. As a first step, the lower segment of esophagus 
yas moved from its position on the lateral abdominal wall to a point above and to the 
left of the xiphoid. Thus, the situation in Stage 3, Fig. 1 was not accomplished in this 
patient until he was a year old. On September 8, an attempt was made to construct a 
skin tube connecting the two esophagostomies according to steps A, B, and C in Fig. 2. 
Due in part to malnutrition, the skin of the chest wall was so loose that I yielded to the 
temptation to close the triangular defects seen at each end of the tube in Step C by con- 
tinuing the linear suturing until the entire raw surface of the tube was covered without 
the use of free or pedicle grafts. The result looked very good immediately after the 
operation, but on the fourth day, there was opening up of the tube at the lower end for a 
distance of several centimeters. The main factor in this appeared to be adherence of the 
two suture lines, with the result that pull on the external skin also tended to pull the 
suture line of the dermie tube apart. For this reason, it has been indicated on Step C, 
Fig. 2, that if such a closure is contemplated, the suture line in the dermie tube should be 
eccentrically placed so that it will not lie immediately under the outside suture line. 


ret 





Fig. 4 (Case 1).—A tubed pedicle is being utilized to cover the lower defect. 


The appearance of the abdominal wall after this stage is shown in Fig. 3. In addition 
to the large lower defect, there was a small leak higher up. Further attempts to complete 
the tube were postponed until the tissues were softer. Then on February 5, the lower 
part of the tube was closed again, and the raw surface was covered with a dermatome 
graft. This stage was also a failure, and it became obvious that nothing short of a sub- 
stantial pedicle graft would give permanent ciosure. Consequently, on February 19, a 
pedicle was raised on the right side of the abdomen, and on March 5, this was used to 
cover the lower part of the dermic tube which was formed for the third time (Fig. 4). 
On April 30, the pedicle was cut loose from the right side of the abdomen and the excess 
tube was attached at a point higher on the chest in order that the part not needed for the 
lower defect could be used for a patch over the upper defect. This procedure was done 
on May 18. The upper opening did not remain closed, and it was utilized as an opening 
through which to dilate both the upper and lower esophagodermie junctions with olive- 
tipped dilators (up to size 8 common duct dilators). The stricture at the lower junction 

yas so tight that on September 7, its posterior aspect was exposed and it was corrected 
by a plastie procedure, a longitudinal incision being closed transversely. Dilatations were 
continued by passing the dilators through the upper opening until it appeared that a 
satisfactory lumen would be maintained. On Nov. 15, 1945, the edges of the upper open- 
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ing were freshened and it was closed by suture. This was the last of twenty trips to the 
operating room. ‘There has been no leakage since, and the child has consumed a full diet 
at the family table without interruption. Fluids and soft food are ingested readily. 
When eating solid food rapidly, he sometimes gives the external esophagus a quick push 
with his wrist. His development has been normal in every way. 





Fig. 5 (Case 1).—Patient at the age of 5 years, showing completed antethoracic esophagus. 


CASE 2.—E. L., a boy (Case 7 in a previous communications), was born on Dee, 8, 1945. 
On December 11, the diagnosis of atresia and tracheoesophageal fistula was made, and I 
immediately explored the mediastinum. The fistula was closed, and an attempt was made 
to form an end-to-end anastomosis, but the gap between the segments was too great. The 
lower segment was allowed to retract toward the abdomen, and the opening which had 
been made in the upper blind pouch was closed temporarily. (Stage 1, Fig. 1.) Three 
days later, the upper segment was exteriorized in the clavicular region (Stage 2, Fig. 1). 
Two days later, a transverse incision was made beneath the left costal margin and after 
section of the short gastric vessels, the left gastric artery and the vagus nerves, the lower 
segment of esophagus was drawn out of the hiatus and brought through a subcutaneous 
tunnel to a point to the left of the midline of the chest. (Stage 3, Fig. 1.) It will be 
noted that these three operative procedures over a period of a week accomplished the same 
anatomic result that five operations over a period of one year did in the first case (Fig. 6). 

On March 18, a hernia of the left subcostal incision was repaired, and at the same 
time, a smail pedicle was raised on the left side of the abdomen. This was only about 
4 cm. in length, but it became necrotic in the middle. On August 14, an attempt was made 
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to construct the dermic tube. As in Case 1, the skin of the adjacent chest wall was so 
loose that it could be brought over the tube without obvious tension, and no pedicle 
grafts were utilized. However, as a safety factor, relaxing incisions were made at each 
end of the tube. Again, the tube opened up, this time at both ends, leaving a tunnel 
between. This tube was dilated by passing olive-tipped dilators in both directions. On 
Jan. 6, 1946, a tubed pedicle from the left axillary region was used to cover the upper 
defect. Before healing was complete, a stricture developed in the end of the upper eso- 
phageal segment, and a small plastic procedure was carried out. The closure of the lower 
opening was delayed to permit occasional dilatations of the upper part of the tube, and 
on May 16, 1947, the lower defect was covered with a pedicle from the right side of the 
abdomen. The final operative procedure was on June 9. There had been a total of eleven 
trips to the operating room. Twice since then a small area of infection has developed in 
the suture at the medial and lower part of the tube. This has been followed by some 
leakage of fluid, but each time the opening closed spontaneously in two weeks. The tube 
has been water-tight for four months, and the child is eating normally (Fig. 7). 





/ 


Fig. 6 (Case 2).—Patient at the age of 2 months. Upper arrow points to cervical esopha- 
gostomy which permits sham swallowing. The lower arrow points to the lower esophagostomy 
through which a catheter is inserted at feeding time. Note the absence of skin irritation 
from digestive juices, usually present with a gastrostomy. 


é 


There are other methods of constructing an antethoraciec esophagus, many 
of which are reviewed by Yudin.* Ladd’ constructed a long dermie tube to 
connect the cervical esophagostomy with a gastrostomy in the epigastric region 
in several patients. This was successful in at least one case, a girl who is now 
nearing her ninth birthday. Later, Ladd and Swenson" indicated that they 
had become discouraged with a method which involved the anastomosis of a 
skin tube directly to the stomach and recommended the use of a jejunal trans- 








334 THE JOURNAL OF THORACIC SURGERY 


plant to connect with a short dermie tube. With this plan, food completely by- 
passes the stomach, at least a theoretic objection. The group at the Children’s 
Hospital in Boston have not remained enthusiastic about jejunal grafts, because 
in a recent article, Gross'' had the following to say with regard to Yudin’s 
method in adults: ‘‘In our clinic, attempts at similar jejunal transplantation in 
children (for the treatment of esophageal atresia) have been troublesome or have 
failed because of the shortness of the loop which ean be brought up onto the 
chest or because of insufficient blood supply (and sloughing) of the limb.’’ 





Fig. 7 (Case 2).—Patient at the age of 2% years, with completed antcethoracic esophagus. 


Longmire and Ravitch’? have devised a method of mobilizing a considerable 
length of jejunum by transplanting it into a skin tube raised in the left ab- 
dominal region, and later stepping this up into position on the chest, They were 
successful in one adult with a chemical stricture. The same method was used to 
connect the two esophagostomies of an infant with atresia who had had the 
preliminary stages thirteen months previously. This patient died at the age of 
34. months, at which time there was still a fistula at the site of the esophago- 
jejunal junction. 

Rienhoff'* recently reported two cases of atresia in which as a primary 
operation he had divided the esophagus at the diaphragm and mobilized the 
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stomach so well that the cardiae end could be brought up through a skin tunnel 
and anastomosed directly to the upper esophagostomy without the intervention 
of a dermic tube. A patient operated on in 1941 lived one year and died of 
‘*staph. infection and diarrhea.’’ His second patient also lived one year and 
died of diarrhea and a respiratory infection. 

Still more recently, Sweet'* described a new method by which he had com- 
pleted the multiple-stage operation in a 21-month-old boy by bringing the mobil- 
ized stomach up through the chest and out to the left side of the neck through 
an opening made by resecting a portion of the left clavicle and first rib. He 
felt that the result was generally satisfactory, but the early reports indieated 
an unsatisfactory weight gain. 

SUMMARY 


In the management of two infants with atresia of the esophagus in whom 
the superior operation of direct anastomosis was not carried out, it was found 
to be advantageous to exteriorize the lower segment for feeding during the first 
year. Plastic procedures to connect this esophagostomy with the upper eso- 
phagostomy with a dermie tube were completed in one child when he was 27 
months old and in the other when he was 18 months old. Disappointments 
encountered during the construction of the tubes probably could have been 
avoided by the use of pedicle grafts to cover the denuded areas. The function 
of the antethoracie esophagus in these cases appears to be as satisfactory as that 
obtained when more complicated procedures, such as jejunal transplantation, 
are utilized. 

REFERENCES 


. Haight, Cameron, and Towsley, H. A.: Congenital Atresia of the Esophagus With 
Tracheo-esophageal Fistula, Surg., Gynec. & Obst. 76: 672, 1943. 

. Swenson, Orvar: Diagnosis and Treatment of Atresia of the Esophagus and Tracheo- 
esophageal Fistula, Pediatries 1: 195, 1948. 

. Carter, B. N.: An Operation for the Cure of Congenital Atresia of the Esophagus, 
Surg., Gynee. & Obst. 73: 485, 1941. 

. Lam, C. R.: Surgieal Treatment of Congenital Atresia of the Esophagus, J. Pediat. 
27: 456, 1945. 

5. Lam, ©. R.: Further Experiences in the Surgical Treatment of Congenital Atresia of 
the Esophagus With Tracheo-esophageal Fistula, Surgery 20: 174, 1946. 

j. Gamble, H. A.: Tracheo-esophageal Fistula: Deseription of a New Operative Procedure 
and a Case Report, Ann. Surg. 107: 701, 1938. 

. Leven, N. L.: Congenital Atresia of the Esophagus With Tracheo-esophageal Fistula: 
Report of Successful Extrapleural Ligation of a Fistulous Communication and 
Cervical Esophagostomy, J. THorAcic SurG. 10: 648, 1941. 

. Yudin, S. S.: The Surgical Construction of 80 Cases of Artificial Esophagus, Surg., 
Gynec. & Obst. 78: 561, 1944. 

. Ladd, W. E.: The Surgical Treatment of Esophageal Atresia and Trachea-esophageal 
Fistulas, New England J. Med. 230: 625, 1944. 

. Ladd, W. E., and Swenson, Orvar: Esophageal Atresia and Tracheo-Esophageal Fistula, 
Ann. Surg. 125: 23, 1947. 

. Gross, R. E.: Treatment of Short Stricture of the Esophagus by Partial Esophagectomy 
and End-to-End Esophageal Reconstruction, Surgery 23: 735, 1948. 

Longmire, W. P., and Ravitch, M. M.: A New Method of Constructing an Artificial 
Esophagus, Ann. Surg. 123: 819, 1946. 

3. Rienhoff, W. F.: Antethoracal Transplantation of the Stomach in the Treatment of 
Congenital Atresia of the Thoracic Esophagus, Bull. Johns Hopkins Hosp. 82: 
496, 1948. 

Sweet, R. H.: A New Method of Restoring the Continuity of the Alimentary Canal in 
Cases of Congenital Atresia of the Esophagus With Tracheo-esophageal Fistula 
Not Treated by Primary Anastomosis, Ann. Surg. 127: 737, 1948. 





THE JOURNAL OF THORACIC SURGERY 


DISCUSSION 


DR. RICHARD H. SWEET, Boston.—If you will bear with me once again I will 
promise not to discuss another paper. I am much interested in Dr. Lam’s experiences, 
which are about the same as we have had. The construction of an external esophagus from 
a skin tube is a tedious procedure. As he did, I have likewise tried pulling the stomach 
up for use as the lower end of the external esophagus. I would like to make a suggestion 
as to how this may be handled differently. 

(Slides) This illustrates how I have handled these cases. A thoracic incision is 
made and the diaphragm is opened. The gastrostomy is closed, and the stomach pulled 
into the chest. After closing the thoracie incision, the proximal end or fundus of the 
stomach was brought up into the neck through a cervical incision after resection of a 
portion of the clavicle and a portion of the first rib as shown here. 

This has been done in two infants, one about a year ago and one five or six months 
ago. They are getting along normally and beginning to develop. This is a one-stage 
operation and obviates the necessity for mechanical assistance. These children eat nor- 
mally and are not aware of the fact that they have a stomach that has been pulled up 
into the neck. 


DR. LLOYD H. MOUSEL, Washington, D. C.—If I may be allowed to digress for a 
moment, I would like to express my pleasure in learning at this meeting that the majority 
of major thoracic surgical clinies have abandoned the use of cyclopropane. During the 
past several years during which a number of deaths on the operating table have been 
reported, this agent was being used. Most of these deaths have been attributed to vaso- 
vagal or vagovagal reflex activity. It is my personal belief that deaths on the operating 
table due to cardiae standstill can be greatly reduced, if not entirely eliminated, if 
cyclopropane is not used. 

In managing patients who are undergoing resection of the esophagus, positive pressure 
is maintained in the closed anesthesia system at all times, in order to prevent bilateral 
pneumothorax from developing should the opposite pleura be opened. Large openings into 
the opposite pleura are usually recognized by the surgeon and the lung can be kept inflated 
until the pleura has been closed. However, if a small opening is made into the opposite 
pleura, it may go unrecognized if positive pressure is not being maintained, and a complete 
pneumothorax may develop. Our patients are watched very closely on the operating 
table and great care is taken to prevent such a development. 


Following each major thoracic surgical procedure, our patients are x-rayed on the 
operating table. If there is evidence of air in the pleural cavity, it is removed before 


the patient is returned to his room. 

In our particular area, two cases have been reported in which the patient died on 
the operating table, due to accidental entrance into the opposite pleura. These patients 
were both undergoing lumbodorsal sympathectomy. In each instance the patient developed 
an obstructive type of breathing, and it was felt by the surgeon and the anesthetist alike 
that some obstruction to the airway had developed. Attempts were made to aspirate 
material from the tracheobronchial tree without results. Both patients deteriorated very 
rapidly and died before they were removed from the operating table. In each instance at 
post-mortem, it was found that the patient had died of bilateral pneumothorax. These 
are accidents that do not occur often and can be prevented by the use of constant positive 
pressure during the time the mediastinum is open. 
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HE historical identification of the decortication operation has been previ- 

ously made by the late Dr. Fraser Gurd' and will, therefore, not be further 
considered. The present revival of interest must be dated from the reports 
given at the Detroit Meeting of this Association in May, 1946, on chronie trau- 
matie hemothorax and empyema.?* The purpose of this presentation is to relate 
experiences gained thus far in exploring the applicability of decortication to the 
inexpansible tuberculous lung. The eight cases to be reported upon is a small 
number for a series, but serve as a basis for suggesting a method of study from 
which helpful conclusions might be drawn. The operative technique has been 
established and need not be reported here. 

The problem of hemothorax and pyothorax with or without air present is 
not entirely comparable with that of the inexpansible tuberculous lung and 
empyema. Common to both is the objective of obliterating the pleural space by 
re-expansion of the lung. The fundamental pathology and method of treating 
the underlying pulmonary disease are not the same. The treatment of the 
pleural complication in the former generally represents an end point. In the 
latter, the pleural problem is always secondary to the parenchymal disease which 
is the chief consideration. 

For the prime purpose of obliterating the pleural space, thoracoplasty alone 
has proved satisfactory in many eases. Upon oceasion, in the presence of bron- 
chopleural or pleurocutaneous fistulas, the addition of a Sehede or myoplastic 
operation has been required. While thoracoplasty accomplishes a twofold pur- 
pose, permanent collapse of the diseased lung and obliteration of the pleural 
space, it does so at the sacrifice of good functioning lung in certain cases. For 
this reason and because of the desire of avoiding more mutilating surgery, the 
decortication operation suggests itself. The comparison of results must be made 
between the two procedures. In attempting to bring about re-expansion of a 
lung in which tuberculosis has been successfully treated, one must be mindful 
of possible harmful effects. The question of risk is naturally posed. This must 
be weighed against the hazard of long-sustained pneumothorax. Once it has 
served its purpose, it is desirable to abandon the pneumothorax, as expected 
reversibility is one reason for its application. 

That decortication is possible in cases of pulmonary tuberculosis has been 
demonstrated in several reports: Gurd,! Mulvihill,® Curreri and Gale,® and Lam.? 
It was recognized at the outset that because of variable extents of parenchymal 
disease for which the lungs were collapsed, re-expansion and improved function 


Read at the Twenty-eighth Annual Meeting of the American Association for Thoracic 
Surgery, Quebec, Canada, May 31, June 1, 2, 1948. 
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might not necessarily follow. In anticipation of such problems a cooperative 
study was outlined with Dr. George Wright, of the Trudeau Foundation 
Physiology Laboratory. 

The starting point for considering treatment of a disease or complication 
is a knowledge of its pathology. The detailed pathology of tuberculosis need 
not be considered here. The effect of long-sustained collapse on the underlying 
lung is of importance and serves to answer the question, ‘‘Can the lung be re- 
expanded?’’ The morphology of collapsed uninvolved pulmonary tissue as given 
by Vorwald® is as follows: ‘‘There is collapse of the alveolar spaces, the walls 
of which are approximated, but the architecture of the lung is not obliterated ; 
there is histocytie proliferation of the alveolar walls and in the perivascular and 
peribronchial spaces with a slight increase in connective tissue; the blood vessels 
are more or less tortuous and the eapillary spaces dilated; the lymphatics are 
little altered but may be dilated; the degree of connective tissue proliferation 
is not irreversible.’? The experimental work of Bruns,’ and the studies reported 
by Gardner’? and Pinner" are the basis for the conclusions that ‘‘fibrosis in a 
collapsed lung is the result of inflammatory processes and not of the collapse 
per se.”’? It is upon this basis that re-expansion of the uninvolved portions of 
the lung is expected. The anticipated degree of re-expansion, judged by the 
prepneumothorax extent of disease does not necessarily follow. Gardner stated 
that ‘‘extension of disease within the compressed lung may proceed by way of 
the air passages and, to a more limited degree, through the lymphatic channels. 
Hematogenous metastasis is probably rare.’’ These data serve as a working 
base line for approaching the present problem. 

The eases selected for treatment were those in which there was evidence of 
failure of obliteration of the pleural space by the lung. All measures to have 
the lung re-expand and obliterate the pleural space had failed. There was no 
question that perhaps in time this might yet oeeur. Cases with advanced stenosis 
of a major bronchus were excluded. In these it was felt that re-expansion was 
probably impossible and undesirable for fear of increasing the broncho-paren- 
chymal bed distal to stenosis and risking suppuration. In five cases (Cases 1, 
2, 3, 4, and 5) the duration of the pneumothorax was over vears and the paren 
chymal disease was considered arrested, the sputa having been negative. Seven 
of the eight patients had fluid present which was positive for tuberele bacilli, 
two showing frank pus. Two patients (Cases 6 and 7) had active pulmonary 
disease, with cavities and positive sputa. In these thoracoplasty was done first 
to collapse the disease-containing parenchyma before decortication was under- 
taken. In Case 8, there was a history of pleurisy with effusion twenty-seven 
vears before with recurring symptoms in 1942 and 1947. There was no clear-cut 
history of pulmonary tuberculosis until 1947, when a small antrum was noted 
on the contralateral side (lefi), the sputum and fluid were both positive, and 
intermittently a bronchial fistula could be demonstrated. 

The history and all available films of each case were carefully reviewed. 
A eareful fluoroscopic survey as well as a study of inspiration-expiration films 
indicated the present mobility of the lung. The factors of compensation, intra- 
pleural pressures, frequency of refills and the speed of re-formation of fluid were 
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noted. All were bronchoscoped before operation and special respiratory studies 
were also made, both before and after decortication. In two cases preliminary 
bronchograms as well as two other postdecortication bronchograms were made. 

From these preliminary studies a decision was made as to whether a thoraco- 
plasty would be done before undertaking the decortication. In two of the ar- 
rested cases (Cases 2 and 3), it was elected to do two stages of thoracoplasty 
because of the extensiveness of the tuberculosis before pneumothorax. It was 
reasoned that insufficient good lung remained to anticipate enough re-expansion 
to fill the large pleural space. In Case 2 there was some arterial oxygen desatura- 
tion observed after exercise on a motor-driven treadmill. Decortication resulted 
in decreasing the pleural space and some increase in lung volume but no fune- 
tional improvement. It was, therefore, felt that additional thoracoplasty should 
be done to aid in obliteration. This has recently been done and there is evidence 
that a satisfactory result will ensue. In Case 3 decortication obliterated the 
small residual space. It is expected that no functional change has resulted. In 
Case 1 the patient had been treated with an emergency thoracotomy drainage 
beeause of fulminating uncontrollable mixed-infection empyema and broneho- 
pleural fistula. Subsequent multiple-staged thoracoplasties were done to oblit- 
erate the large empyema space further to control the toxemia. <A residual pleural 
space and cutaneous fistula at the site of the thoracotomy wound remained. 
Decortication was carried out in preference to a Schede operation; the lower 
lobe was mobilized and a good result obtained. The patient was discharged as 
well and has been working for a year, In Cases 4, 5, and 8 primary decortica- 
tion was performed. In Case 4 ultimate complete obliteration of the pleural 
space was accompanied by further desaturation of the arterial bloed; the 
detailed report of this case will be given by Dr. Wright.'? Incomplete oblitera- 
tion of the pleural space with fluid forming in the presence of high negative 
intrapleural pressures resulted in Case 5, with no significant change in pul- 
monary funetion. The primary pleurisy with effusion case of twenty-seven 
vears’ duration (Case 8) has almost complete obliteration, but it is too recent 
postoperatively to evaluate. 

In the two eases in which thoracoplasty was done for active pulmonary 
disease, decortication resulted in obliteration of the remaining pleurai space, 
thus obviating the need for further thoracoplasty. These two are of additional 
interest regarding findings at the time of decortication. In Case 6, a completely 
collapsed lower lobe was found covered with peel. A second review of the films 
indicated that this might have been anticipated. With removal of some peel, 
tubercles were seen and it was elected not to complete the operation except over 
the uninvolved portion of the upper lobe. After decortication the lower lobe 
of Patient P. R. in Case 7 appeared slate-blue in color and, though the lobe was 
distended with positive pressure, the color did not change to the usual pink. 
The significance of this finding is not clear. 

In all except the case with the twenty-seven-year history, the removal of the 
visceral pleural peel was relatively easy to accomplish with minimum trauma 
to the lung. In this case much sharp dissection was required and a strawberry- 
like appearance was seen on the pleural side of the cortical layer. In all cases 
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there were areas where the peel was most adherent which were considered healed 
foci. After a brief trial at removal these were circumvented and allowed to 
remain in patches, Studies before operation showed in all cases some reduction 
in respiratory function proportional to the extent of the pulmonary problem. 
Those studied postoperatively thus far have not shown any significant gain in 
function as contrasted with one nontuberculous traumatic hemothorax case to be 
discussed elsewhere.'? 

There were no spreads of disease, but it must be stated that streptomycin 
was used for short periods of time, both pre- and postoperatively. The signifi- 
eance of this therapeutic adjunct is not known. All cases were on continuous 
suction for from forty-eight hours to five days. There were no recurring 
empyemas and all wounds healed by primary union. 


-In addition to the above-noted results there are some points which require 
further consideration. What of the re-expanded lung? Will it be normal 
healthy lung, or one showing compensatory dilatation or, one step further, true 
pathologie emphysema? The lung may be ventilated with poor circulation, or 
have good circulation and be poorly ventilated. There may be satisfactory 
readjustment or the development of a shunt between unaerated and aerated 
blood. The volume of lung for re-expansion is unknown because the amount of 
interstitial fibrosis cannot be determined. The amount of disease seen in roent- 
genograms is by no means an index of all that is present. With healing and 
sear formation of the diseased areas there are local compensatory changes in the 
surrounding lung tissue, In addition, there is the probability that, under partial 
pneumothorax at least, compensatory changes in the lung have already taken 
place. Hence, some limit of distensibility may have been reached and may 
account for the failure of further expansion. It is known that in certain cases 
where no previous pleural complications are suspected transudate fluid forms to 
take up the space the lung cannot occupy. In these, perhaps the limiting mem- 
brane may be a secondary formation rather than the cause of limited expansi- 
bilitv. In several cases bronchography has been done and there is some sug- 
gestion that it may be helpful in estimating the above-mentioned changes. How 
long after decortication does it take the lung to return to normal? For the 
present the answer cannot be given. These are the observed facts: (1) Immedi- 
ately upon removal of the peel, the lung becomes distensible by positive pressure 
on the anesthetic bag with an intratracheal tube present; (2) increase in lung 
volume is noted within several days as seen on postoperative roentgenograms ; 
(3) the diaphragm is seen to move in a normal direction. Recheck broncho- 
spirometry is planned and in one nontubereulous case progressive improvement 
in function was recorded. That some time must elapse before the uninvolved 
portions of the lung become restored might be expected in considering the previ- 
ously described histopathology. A certain lapse of time was required to produce 
these changes and should be necessary before function is restored. This is cer- 
tainly true of other immobilized parts of the body. Regarding the peel that is 
left behind, since the etiology of the fluid is generally tuberculous and since 
these effusions and empyemas are clinically known to regress and recur, the 
question arises as to possible recurrence in the decorticated case. Insufficient 
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time has elapsed in this group of eases to permit making a statement. It might 
be of some significance, however, that histologic examination of these peels show 
nonspecific scar in the older cases and tubercle formation in the more recent 
ones. Further, the fluid was examined and, in cases previously positive on smear 
and culture, has been negative by culture postoperatively, The parietal peel 
was more difficult and was only partially removed in some eases. Experience 
indicated that a plane of cleavage was easier to develop at the endothoracie 


—T.M-IA 
‘Opt.PNx.BY THPL. ONLY 4 














{ DR-IA 
_PNx. OBLITER. BY THPL. Q 





Fig. 1—T. M. 1, showing unexpandable left lung, pneumothorax space with fluid present. 
No evidence of bronchial disease by bronchoscopy. T. M. 1A, showing obliteration of entire 
pneumothorax space by thoracoplasty only. D. R. 14, showing almost total collapse of left 
lung, large pneumothorax space, bronchial stenosis of left main bronchus seen by bronchoscopy. 
D. R. 1A, showing satisfactory obliteration of left pleural space by thoracoplasty alone. 


fascia, where bleeding was most profuse, than between pleura and cortical layer. 
Whether or not it is essential to remove the parietal peel is not known. There 
is some suggestion that this may not be entirely necessary. For example, it is 
well known that, in certain chronic empyema cases, apparent resolution takes 
place so that no evidence of the previously designated ‘‘thickened pleura’’ is 
roentgenographically demonstrable (Case 9). In addition, the previously ob- 
served compensatory factors of flattening and immobility of the chest wall are 
replaced by normal contour and movement in the presence of a good functioning 
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lung. Further, some of the decorticated-hemothorax cases did not have the 
parietal peel removed and are reported as restored to normal function. Of 
particular consideration in these tuberculous cases is the fact that the volume 
of lung for re-expansion is an unknown quantity. A completely intact hemi- 
thorax may not be required because of limited distensibility of the lung and the 
pleura may be again thickened as a compensatory factor following re-formation 
of fluid. 


JSS. 1A 
TOTAL THPL. 
Dr. ConrT. 
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Fig. 2 (Case 1).—J. S. 7, film showing partially collapsed lung with markedly thickened 


peel on both pleurae, thoracotomy tube drainage because of bronc hopleural fistula. J. S. 1A, 
film showing total thoracoplasty collapse, tube drainage still present. J. S. film showing out- 
line of residual empyema pocket in the posteroanterior projection. J. S. SA" same as above in 
the lateral projection. 

A further point for longer term observation is the possibility of development 
of a reactivation of disease at a later date in the re-expanded lung. Is there a 
possibility that this distended or emphysematous lung is made more vulnerable 
to the development of active disease? There is some suggestion, but not proof, 
in some of the obliterating so-called ‘‘re-expanded pneumothorax’’ cases. 
With mediastinal shift to the obliterating side and increased size of the eontra- 
lateral lung new disease or reactivation of stable foci have been noted to develop. 
This point alone is of liitle moment, but in reinducing collapse of the nonex- 
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pansible lung or performing a thoracoplasty to aid in pleural space obliteration, 
rather prompt clearing of these foci in the opposite lung has been observed. The 
problem needs study and would require the scrutiny of statistical analysis for 
acceptance. 


CASE REPORTS 


CasE 1.—J. S., a white man, 26 years of age, with onset of disease in 1939, had a pneu- 
mothorax, right, started in July, 1940, later complicated by a spontaneous pneumothorax with 
fluid formation, June, 1942. He was treated by many chest aspirations and continuation of 
therapeutic pneumothorax. In March, 1945, the patient developed a fulminating mixed- infec- 
tion empyema and bronchopleural fistula necessitating intercostal thoracotomy drainage in 
April, 1945. Three stages of thoracoplasty with resection of segments of ten ribs was com- 
pleted on Oct. 18, 1945. General health improved but there remained a residual pleural space 
and a pleurocutaneous fistula at site of thoracotomy. Decortication was done in preference 
to Schede’s operation on March 6, 1947. The regenerated chest wall was stiff and retraction 
difficult, but peel was easily removed, fissures were open, and the lung was inflated satis- 
factorily. Fluid from empyema was mixed, Staphylococci, Streptococci, and Pneumococci, 
as well as positive culture for tubercle bacilli. Sputum was negative before thoracoplasty 
and thereafter. All fluid was negative postdecortication. Patient was discharged well on 
May 20, 1947, and has remained well and working one year to date. 


Comment.—The common complications of long-standing pneumothorax oc- 
eurred: fluid formation, inexpansible lung, mixed empyema with bronchopleural 
fistula. Emergency treatment was required, thoracotomy, thoracoplasty, but a 
residual space and a sinus tract remained. The usual treatment of such cases 
has been by Schede’s operation, but decortication was used satisfactorily here. 
There were no respiratory studies as the objective was that of obliterating a 
small pleural space and sinus tract. 


CASE 2.—F. W., a white man, aged 30 years. Onset of illness was discovered when pa- 
tient was 14 years of age, on routine school survey in May, 1931, when x-ray and sputum exam- 
inations were both positive. Patient was treated on routine sanatorium care until 1936 when 
pneumothorax was established on the right side. He remained well and was working when the 
treatment was given up in 1941 and the lung was almost re-expanded in 1942. A sudden 
acute pleuritic episode in 1943 was accompanied by high fever and a massive effusion which 
responded to aspirations. It was noted that the lung would not completely re-expand. Fol- 
lowing a period of well-being there was a similar complicating illness in March, 1947, and 
the fluid became thick and creamy by May. The sputum was negative but the pleural fluid 

yas positive on culture. The patient was admitted for surgical treatment Sept. 29, 1947. 

At bronchoscopy the right main bronchus was noted as slightly reduced in size and the 
upper lobe orifice reduced to about 20 per cent of normal. 

A preliminary thoracoplasty was carried out in two stages with the removal of large 
segments of six ribs and was completed Nov. 19, 1947. 

Decortication was done on Jan. 24, 1948, by removing a rib and entering the pleura 
through its bed. There were fluid, fibrin, and peel present. The middle and lower lobes 
peeled freely and the middle lobe appeared of about normal size. 

A dense mass was palpated at the apical portion of the lower lobe and was interpreted 
as a healed lesion, and, therefore, not decorticated. Both lobes distended on pressure of the 
anesthetic bag. The postoperative course was uneventful, but re-expansion was only partial. 
Fluid re-formed and despite repeated aspiration and maintenance of high negative pressure 
the pleural space did not obliterate. 
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RESPIRATORY STUDIES, DEc. 15, 1947 








Determined Predicted 
Maximum Breathing Capacity 85 L/m 131 L/m 
Lung Volume, Reeumbent Determined Predicted 
Total volume 3.80 4.74 
Vital capacity 2.42 3.80 
Mid capacity 1.90 1.72 
Reserve air 0.52 0.78 
Residual air 1.38 (37%) 0.94 
sronchospirometry Right Lung Left Lung 
Minute ventilation 30% 70% 
Oxygen consumption 20% 80% 
CO, output 23% 77% 
Vital eapacity 21% 79% 
Arterial Blood Gases (at rest) 
CO, content 47.77 vol. % 
O, content 19.06. vol. % pco, 36 mm. 
O, capacity 20.84 vol. % po: 83 mm. 
HbO, saturation 91% 


Caleulated alveolar pO2 = 93 mm. 
Alveolar-arterial gradient = 10 mm. 


Arterial Blood Gases (during exercise on motor-driven treadmill, 8% grade, 
2% miles per hour) 


CO. content 45.40 vol. % 

O, content 18.71 vol. % pco, 44 mm. 
O, capacity 21.73 vol. % po, 74 mm. 
HbO, 86% 


Calculated alveolar pO, = 95 mm. 
Alveolar-arterial gradient = 21 mm. 


Metabolic and Respiratory Response to Exercise* 


Minute ventilation 24.3 iL. 
Oxygen consumption 0.865 L. 
CO, output 0.76 L. 
O, ventilation equivalent 28 L. 
Dyspnea index = .29 

Pulse rate (at height of exercise) 128/m 
Pulse rate (at end of 10 minutes of recovery) 100/m 
Respiratory rate (height of exercise) 22/m 
Respiratory rate (at end of 10 minutes of recovery) 14/m 








*The exercise was carried out on the motor-driven treadmill at 2 miles per hour on a 
4% grade for a duration of six minutes. Expired air was collected during the fifth and sixth 
minutes, 
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RESPIRATORY STUDIES, MARCH 31, 1948, PoSTDECORTICATION 








Determined 
Maximum Breathing Capacity 94 L/m 


Lung Volume, Recumbent Determined 


Total volume 4.20 
Vital capacity 2.94 
Mid capacity 1.82 
Reserve air 0.56 


Residual air 1.26 (30%) 
Lung Ventilation Efficiency 
5 times F.R.A. = 86% (normal = 85% or more) 


Bronchospirometry Right Lung 


Minute ventilation 29% 

Oxygen consumption 25% 

Carbon dioxide output 22% 

Vital capacity 21% 
Arterial Blood Gases (at rest) 

CO, content 44.41 vol. % 

O, content 17.90 vol. % pco, 

O, capacity 19.26 vol. % pO, 

HbO, saturation 92.9% pH 


Calculated alveolar pO, = 85 mm. 


Alveolar-arterial gradient = 5 mm. 





Predicted 

133 L/m 

Predicted 
6.36 
5.10 
2.30 
1.04 


1.26 


Left Lung 
71% 
T5% 
78% 


79% 


6 mm. mereury 


os 
we 
8 


7 
7.42 (immediate) 


3. 
5.7 mm. 


Arterial Blood Gases (during exercise, 4% grade, 2 miles per hour) 


CO, content 45.78 vol. % 


O, content 17.80 vol. % pH 
O, capacity 20.37 vol. % 
HbO, saturation 87.4% 


Metabolic and Respiratory Response to Exercise* 


Minute ventilation 

Oxygen consumption 

CO, output 

O, ventilation equivalent 

Dyspnea index = .23 

Pulse rate (at height of exercise) 

Pulse rate (at end of 10 minutes of recovery) 
Respiratory rate (at height of exercise) 
Respiratory rate (at end of 10 minutes recovery) 


7.36 (immediate) 


22.0 L. 
0.968 L. 
0.80 L. 


22.7 L. 


122 
92 
18 
12 





*Exercise was carried out on motor-driven treadmill, 2 miles per hour, 4% 
Expired air was collected during fifth and sixth minutes. 


duration of six minutes. 


grade, for 
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Fig. 3A (Case 2).—F. W. 1, showing extent of pulmonary disease before pneumothorax. 
F, W. 1A, film showing beginning pneumothorax and a better depiction of cavities. F. W. 2, 
showing complicating pleural effusion in the presence of an incompletely expanded lung. F. W. 24, 
showing residual space after partial thoracoplasty. F. W. 8 and 3A, bronchogram showing 
poor bronchial pattern for upper lobe, normal pattern of middle lobe, normal pattern for most 
of right lower lobe except for apical portion. 
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An additional stage of thoracoplasty with removal of three more ribs (10 in all) was 
done three months after decortication. There was further decrease of the pleural space at 
the time of discharge. The sputum remained negative and the postoperative fluid became 
negative. 


FW .4 = FW-4A 
3MOS. ’ . -... BM0s. 
Post. DEcorrT, INSP. i» 7 / Post, DEcorT.-E xp, 
RESIDUAL SPACE ; - RESIDUAL SPACE 
xP. 4 


FlW.5-INSP, 
}PHPL.Post. DEcorT, ) 
ACE FURTHER REDUC EXR 


Fig. 3B (Case 2).—F. W. 4 and 4A, show partial further expansion of lung following 
decortication. Some residual space is still seen. Dotted line shows some decrease in size of 


lung in expiration, indicating some functional movement. F. W. 5 and 5A, showing further 
obliteration of residual pleural space by additional thoracoplasty. Dotted line indicates change 
in lung size in expiration. 

Comment.—This was a typical case of long-standing pneumothorax and an 
unexpandable lung. There were repeated episodes of pleurisy with effusion, 
fever, and resulting empyema. Because of the extensive lung involvement before 
pneumothorax, it was thought that thoracoplasty should be done first to assure 
permanent collapse of the diseased and apparently healed portion of the lung. 
Some degree of arterial blood oxygen desaturation was recorded on exercise 
before decortication was done. After decortication, respiratory studies showed 
an increase in complementary air with an increase in mobility of the lung. The 
bronchospirometrie readings remained unchanged and there was no improve- 
ment in the arterial hemoglobin saturation. It was then reasoned that the lung 
had already reached its limits of functional distensibility. Therefore, further 
pleural space obliteration would have to be aided by additional thoracoplasty. 
It is expected that complete obliteration will follow. 
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Case 3.—H. S. was a white woman, 31 years of age, whose pulmonary tuberculosis was 
discovered at routine health checkup x-ray examination in November, 1938. Twelve days 
after sanatorium admission, pneumothorax was established on the right side and maintained 
thereafter. The patient became well and was discharged in 1940. Except for several inter- 
mittent attacks of pleurisy with effusion, she remained well until April, 1947, when disease was 
noted at the summit of the left lung and the right lung was recognized as unexpandable since 
no refills had been given for a very long time and no evidence of fistula was observed. 

The patient was admitted for surgical care on Nov. 10, 1947. A bronchoscopic exam- 
ination showed only slight generalized redness on the right side. 


RESPIRATORY STUDIES, JAN. 14, 1948 








Determined Predicted 

Maximum Breathing Capacity 54 L/m 85 L/m 
Lung Volume, Recumbent Determined 

Total volume 2.00 

Vital capacity 1.25 

Mid capacity 1.00 

Reserve air 0.25 

Residual air 0.75 (38%) 
Lung Ventilation Efficiency 

5 times F.R.A. = 75% (normal = 85% or more) 
3ronchospirometry Right Lung Left Lung 

Minute ventilation 14% 86% 

Oxygen consumption 9% 91% 

Vital capacity 6% 94% 
Arterial Blood Gases During Exercise 

CO, content 39.28 vol. 

O., content 17.55 vol. 

O, capacity 18.89 vol. pCO, 37 mm. mercury 

HbO, saturation 93% pO: 89 mm. mercury 

Caleulated alveolar pO, 106 mm. 

Alveolar-arterial gradient 17 mm, 
Metabolic and Respiratory Response to Exercise* 

Minute ventilation 

Oxygen consumption 

CO. output 

O, ventilation equivalent = 35 L. 

Dyspnea (by complaint) 1 plus 

Dyspnea index = .51 





*On motor-driven treadmill at 2.5 miles per hour, 4% grade. 


Because of the extensive pulmonary disease before pneumothorax and reeent contra- 
lateral disease it was elected to do a two-stage, seven-rib thoracoplasty which was completed 
Dec. 22, 1947. The decortication was carried out on March 18, 1948, when fluid, fibrin, and 
peel were seen and removed. Nodular areas were seen and palpable. The middle lobe was 
about normal in size and the lower lobe was reduced in size, but the lower part inflated satis- 
factorily. A portion of the lower anterior part of the upper lobe was also peeled free. The 
postoperative course was uneventful and the pleural space became obliterated. 


Comment.—Pneumothorax for very extensive pulmonary disease resulted in 
healing and an unexpandable lung. There were the usual pleural fluid compli- 
cations in a dead space with contralateral reactivation as mediastinal shift 
developed. Satisfactory obliteration of pleural space was achieved by a com- 
bination of thoracoplasty and decortication. The contralateral lesion also 
healed or regressed and sputum remained negative. 
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Fig. 54 (Case 4).—E. C. 7, showing extent of bilateral disease, mid-zone of lung on 
each side. KE. C. 1A, showing bilateral pneumothorax. E. C. 2, showing left lung re-expanded 
pneumothorax continued on right. E. C. 2A, right lung now unexpandable with fluid in 
pleural space. E. C. 38, early postoperative film showing almost complete expansion of right 
lung following decortication. E, C. 3A, showing spontaneous recollapse of right lung. 

















GORDON AND WELLES: DECORTICATION IN PULMONARY TUBERCULOSIS 351 


CASE 4.—E. C., a 23-year-old white man, a veteran, was found to have pulmonary tuber- 
culosis on a routine x-ray film taken in May, 1942, for service transfer. Pneumothorax was 
instituted on the left in November, 1942, and discontinued by re-expansion in March, 1945. 
The right side was also treated by pneumothorax begun in February, 1943, and complicated 
by tuberculous empyema in February, 1944. Efforts at re-expansion failed and bronchos- 


RESPIRATORY STUDIES, MARCH 1, MARCH 3, AND APRIL 3, 1947, PREDECORTICATION 








Determined Predicted 
Maximum Breathing Capacity 74 L/m 126 L/m 
Lung Volume, Recumbent Determined Predicted 
Total volume 2.92 5.14 
Vital capacity 1.84 3.88 
Mid capacity 1.32 1.94 
Reserve air 0.24 0.68 
Residual air 1.08 (37%) 1.26 
Lung Ventilation Efficiency 
5 times mid capacity = 65% (normal = 85% or more) 
Bronchospirometry Right Lung Left Lung 
Minute ventilation 27% 73% 
Oxygen consumption 18% 82% 
CO, output 15% 85% 
Vital capacity 34% 66% 








Fig. 5B (Case 4).—E. C. 4, showing right lung again re-expanding. FE. C. 4A, right 
pleural space completely obliterated. E. C. 5 and 5A, bronchogram showing incomplete bron- 
chial pattern especially of middle zones which were the site of previous pulmonary disease 
(see E. C. 1). 
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copy showed only slight distortion of the bronchial tree secondary to pulmonary collapse. The 
sputum was negative for tubercle bacilli and decortication was carried out on June 12, 1947. 
Karly in the postoperative course re-expansion was noted as occurring but this was complicated 
by sudden collapse of the lung associated with a positive pressure. This was thought to be 
secondary to spontaneous lung rupture. Ultimately there was re-expansion or, more correctly, 
loss of the pneumothorax space. In this instance, however, as may be seen from the physi- 


ological studies, the function was further decreased. 


RESPIRATORY StTupiEs, Dec. 16, 1947, PoSTDECORTICATION 














a Determined ——~—SWPrredicted— 
Maximum Breathing Capacity 70 L/m 129 L/m. 
Lung Volume, Recumbent Determined Predicted 

Total volume Py iy aa I 5.14 L. 

Vital capacity 2.32 3.88 

Mid capacity 1.64 1.94 

Reserve air 0.19 0.68 

Residual air 1.45 (38.4%) 1.26 
Lung Ventilation Efficiency 

5 times mid capacity = 68% (normal = 85% or more) 
Bronchoscospirometry Right Lung Left Lung 

Minute ventilation 32% 68% 

Oxygen consumption 25% 75% 

CO. output 22% 78% 

Vital capacity 36% 64% 
Arterial Blood Geses (at rest) 

CO, content 49.69 vol. % 

O, content 18.16 vol. % pco, 31 mm. mercury 

O, capacity 20.91 vol. % pO. 64 mm. mercury 

HbO, saturation ST7% 

Caleulated alveolar pO, 98 mm. 


Alveolar-arterial gradient 34 mm. 





Comment.—This is a most interesting case and serves to suggest the possible 
undesirable effects which might follow primary decortication. There was bilateral 
disease with bilateral pneumothorax treatment which was successful on the left 
but complicated by fluid and an unexpandable lung on the right. The post- 
decortication incident of superimposed spontaneous pneumothorax suggests the 
rupture of an emphysematous bleb. Ultimate obliteration of the hydropneumo- 
thorax was accomplished. This, however, was followed by increase in lung 
volume but decrease in lung function. There may have resulted shunting of 
blood in poorly ventilated area or the further development of emphysema in the 
re-expansion. The bronchogram shows poor patterns on both sides which are 
secondary to parenchyma changes. 


CASE 5.—S. H. was a white woman 38 years of age. The onset of the disease was in 
May, 1939. Pneumothorax left started two weeks later. Fluid formed in October, 1939, and 
treatment was continued until 1941, when an attempt was made to re-expand the lung, inelud- 
ing the use of oxygen lavage. The patient was rehospitalized in February, 1943, when fluid 
on the right was found to contain tubercle bacilli. In August, 1943, pneumothorax was started 





on left side and later re-expanded, but was reinduced September, 1944, because of recurring 
symptoms. 

At the present hospitalization there was a poor, nonselective pneumothorax on the left 
and_an unexpandable lung on the right complicated by tuberculous effusion. It was elected 
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to do a small apical thoracoplasty on the left to collapse the diseased portion of the lung per- 
manently and abandon the pneumothorax for fear of bilateral complications. This was done 


on the left on Nov. 24, 1947, and a primary decortication was done on the right Feb. 7, 1948. 


RESPIRATION STUDIES, Oct. 20, 1947, BEFORE OPERATION 








Determined Predicted 

Maximum Breathing Capacity 58 L/m 70 L/m 

Lung Volume, Recumbent Determined Predicted 
Total volume 1.68 3.70 
Vital capacity 1.17 2.65 
Mid capacity 0.75 1.65 
Reserve air 0.24 0.60 
Residual air 0.51 (381%) 1.05 

Lung Ventilation Efficiency 
5 times F.R.A. = 74% (normal = 85% or more) 

Bronchospirometry Right Lung Left Lung 
Minute ventilation 41% 59% 
Oxygen consumption 33% 67% 
CO, output 36% 64% 
Vital capacity 338% 67% 

Arterial Blood Studies (at rest) 

CO, content 49.44 vol. % 
Oxygen content 16.85 vol. % 
Oxygen capacity 18.04 vol. % pco, 38 mm. 
Hbg saturation 93% po. 75 mm, 
Calculated alveolar pO, 94 mm. 


Alveolar-arterial gradient 99 mm. 





RESPIRATORY STUDIES APRIL 27, 1948, ALMosT THREE MONTHS AFTER DECORTICATION 








Determined Predicted 
Maximum Breathing Capacity 55 L/m 71 L/m 
Lung Volume, Recumbent Determined Predicted 
Total volume 1.57 Not done 
Vital capacity 1.02 
Mid eapacity 0.72 
Reserve air 0.17 
Residual air 0.55 (35%) 


Lung Ventilation Efficiency 


4.45 times F.R.A. = 82% (normal = 85% or more) 


Bronchospirometry Right Lung Left Lung 
Minute ventilation 38% 62% 
Oxygen consumption 30% 70% 
CO, output 32% 68% 
Vital capacity 30% 70% 

Alveolar-Arterial Gradient (at rest) 

CO, content 43.22 vol. % 

O, content 16.37 vol. % pco, 26 min. 
O. capacity 17.29 vol. % pO, 81 min. 
HbO, saturation 94.7% pH 7.47 





Comment.—This ease presented a bilateral therapeutic problem treated with 
bilateral pneumothorax and resulting in an unexpandable right lung with pneu- 
mothorax present over eight years and complicating tuberculous fluid which 
would not resorb under usual treatment. Decortication failed to decrease appre- 
ciably the size of pleural space or improve lung function. In considering the 
over-all picture, the extent of the disease before the right pneumothorax and 
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the poor pattern shown by the bronchogram before decortication, it is not sur-. 
prising that the respiratory studies showed no appreciable change. This was 
interpreted as suggesting that the limit of functional] distensibility of the right 
lung had been reached. Such a case should, therefore, have a thoracoplasty 
added to aid in obliterating the remaining pleural space. This was done. 


CasE 6.—K. W. was a white man, a veteran, 24 years of age, the onset of whose disease 
was discovered on routine discharge x-ray film, July, 1945. |Pneumothorax was induced 
shortly thereafter in the same month. During the course of collapse therapy, fluid developed 
which was positive for tubercle bacilli. Efforts at re-expansion failed and two stages of 
thoracoplasty were carried out during February and March, 1947. At bronchoscopy only slight 
narrowing of the left main bronchus was noted. No bronchial disease or stenosis was visible. 


RESPIRATORY STUDIES, APRIL, 1947, PREDECORTICATION 











Determined Predicted 

Maximum Breathing Capacity 86 L/m 151 L/m 

Lung Volume, Recumbent Determined Predicted 

Total volume 3.22 L. 5.15 L. 
Vital capacity 2.40 3.89 
Mid capacity 1.10 1.94 
Reserve air 0.30 0.68 
Residual air 0.80 (24.9%) 1.26 


3ronchospirometry: Left lung entirely nonfunctioning. 
Response to Six-Minute Walk at Level Grade on Treadmill at 3 M.P.H. 


Minute ventilation 39.75 L. 
Oxygen ventilation equivalent 32.30 L. 
Dyspnea index 46 
Dyspnea => = 
Hyperpnea = + 
Gas Tensions, Resting 
PO, PCO, 
Arterial blood 81 mm. 30 mm, mercury 
Alveolar air 70 mm. 40 mm. 
Alveolar air (calculated) 94 mm. 
Gas Tensions, Exercise* 
PO, PCO, 
Arterial blood 61 mm. 44 mm. 
Alveolar air (calculated ) 93 mm. 


Hemoglobin Saturation* = 98%. 





*Level walk at 3.5 m.p.h. 


RESPIRATORY STUDIES, JUNE 25, 1947, JuLy 8, 1947, AND JuLY 9, 1947, PosTDECORTICATION 








Determined Predicted 

Maximum Breathing Capacity 80 L/m 151 L/m 
Lung Volume, Reeumbent 

Total volume 3.11 5.15 

Vital capacity 2.14 3.89 

Mid capacity FZ 1.94 

Reserve air 0.18 0.68 

Residual air 0.97 (81%) 1.26 
Bronchospirometry Right Lung Left Lung 

Minute ventilation 100% 

Oxygen consumption 100% 

CO, output 100% 


Vital capacity 100% 
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A decortication was done on May 18, 1947, for the purpose of obliterating the remaining 
empyema space. At that time it was discovered that the lower lobe was not only completely 
collapsed but contained numerous tuberculous nodules. The cortical peel was therefore only 
partially removed. This was followed by obliteration of the residual pleural space. 
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Post DecorT. 


Fig. 7 (Case 6).—K. W. 1, showing extent of pulmonary disease in left lung before 
pneumothorax. K. W. 1A, showing pneumothorax, left lung unexpandable, fluid present.  K. 
W. 2, showing thoracoplasty left, with residual pleural space. K. W. 2A, showing complete 


obliteration of pleural space following decortication. 

Comment.—An unexpandable and functionless left lung was noted following 
pneumothorax treatment complicated by tuberculous empyema. The combination 
of thoracoplasty and decortication, though not resulting in functional improve- 
ment, has solved this problem without resorting to Schede operation. 


CASE 7.—P. R. was a white man, aged 33 years. 

Past History.—The patient had infantile paralysis at 5 or 6 years of age and there is a 
residual flaccid deformity of the right shoulder and upper extremity. In 1930 there was a 
midthoracie spine fusion for a nontuberculous condition. 

Present History.—Onset of pulmonary tuberculosis was discovered by x-ray examination 
in September, 1946, and pneumothorax was instituted on the right in May, 1947. At admis- 
sion in June, 1947, there was an irregular collapse but the sputum was reported negative and 
the established treatment was continued. In October, 1947, pleural fluid formed and with 
abandonment of the pneumothorax it was observed that the lung would not re-expand. 
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A two-stage thoracoplasty with removal of large segments of six ribs was completed 
Dec. 22, 1947. Bronchoscopy showed normal airways. 

Decortication was done Jan. 28, 1948. There was clear fluid present and the cortical 
peel was easily removed from the lower and middle lobes. The collapsed upper lobe was not 
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Fig. 8 (Case 7).—P. R. 1, showing unsatisfactory pneumothorax, lung unexpandable, 
fluid present. P. R. 1A, showing primary thoracoplasty with collapse of underlying diseased 
lung, residual pleural space remaining. P. R. 2 and 2A, showing obliteration of pleural space 
following decortication, very slight change in lung size in expiration. 


RESPIRATORY STUDIES, JAN. 5, 1948 





Determined 





Predicted 
Maximum Breathing Capacity 58 L/m 106 L/m 
Lung Volume, Recumbent Determined Predicted 
Total volume 2.10 4.00 
Vital capacity 1.37 3.21 
Mid capacity 1.09 1.45 
Reserve air 0.36 0.66 
Residual air 0.73 (35%) 0.79 
Arterial Blood at Rest 
CO, content 50.57 vol. % HbO, saturation 89% 
O, content 17.13 vol. % pco, 41 mm. 
O, capacity 19.33 vol. % pO, 68 mm. 
Calculated alveolar pO, 87 mm. 


Alveolar-arterial gradient 19 mm. 
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RESPIRATORY STUDIES, May 26, 1948, PosTDECORTICATION 








Determined Predicted 

Maximum Breathing Capacity 59 L/m 107 L/m 

Lung Volume, Recumbent Determined Predicted 
Total volume 2.52 4.84 
Vital capacity 1.54 3.88 
Mid capacity 1.36 1.75 
Reserve air 0.38 0.79 
Residual air 0.98 (389%) 0.96 


Lung Ventilation Efficiency 
5 times F.R.A. = 72% (normal = 85% or more) 


Bronchospirometry Right Lung Left Lung 
Minute ventilation 18% 82% 
Oxygen consumption 12% 88% 
CO, output 9% 91% 
Vital capacity 10% 90% 

Alveolar-Arterial Gradient (at rest) 

CO, eontent 52.06 vol. % 

O, content 17.86 vol. % pCco, 43 mm. 
O, capacity 19.64 vol. % pO. 72 mm. 
HbO, saturation 90.9% pH 7.42 mm. 





decorticated. The two lower lobes distended when pressure was applied to the anesthetic bag 
but for some reason the color remained slate blue instead of becoming pink. The postop- 


erative course was uneventful. 


Comment.—This was the earliest decortication in point of time. From the 
establishment of pneumothorax and development of pleural complications there 
were just seven months. The operation was easy to do and the peel showed 
tubercle formation. There was a virtually nonfunctioning lung which showed 
slight gain in function four months postdecortication with satisfactory oblitera- 
tion of the pleural space. <A preliminary thoracoplasty was done to avoid the 
risk of reactivation of recently collapsed active disease in the lung. 


Case 8.—J. Se. was a white man, aged 47 years, the onset of whose present illness is dated 
to an attack of pleurisy with effusion in 1920. There was a seventeen-day period of hospital- 
ization during which time one chest aspiration was done. Relief was obtained and at dis- 
to rest. This was done for three 


” 


charge the patient was advised to ‘‘go to the country 
months, after which he returned to the city and was perfectly well thereafter. In 1941 a 
hemorrhoidectomy was done because of bleeding and there was a five-day hospital stay. Two 
months later his physician told the patient that the removed tissue was reported as tuberculous 
and the patient was advised to attend a chest clinic. This he did but was told after x-ray 
examination of the chest to ‘‘take things easy.’’ In May, 1942, he entered a hospital where 
roentgenograms were again taken of the chest and after ten days he was transferred else- 
where. There was some cough, expectoration, and fever. After three months he was dis- 
charged. The patient worked full time as a shirt presser until 1947 when increasing fatigue, 
cough, and expectoration made him seek medical care. He was then advised to seek san- 
atorium care. At admission there was evidence of a calcified pleura, air and fluid in the right 
pleural space, and a small antrum in the summit of the left lung. Tuberculous empyema 
was proved as well as an intermittent bronchopleural fistula and a positive sputum, A 
bronchoscopic examination showed no abnormalities. 


Operation.—Decortication was carried out on April 24, 1948, This operation was more 
difficult than any of the others. Only small areas could be peeled free as contrasted to large 
placques in other cases. There were multiple tiny fistulous leaks and the underside (lung side) 
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Fig. 9 (Case 8).—J. Se. 1 and 1A, film showing marked thickening on both pleural sur- 
faces, omeumactionies and calcium present. J. Se. 2 and 2A, bronchogram showing relatively 
good bronchial pattern throughout most of lung except a small portion of upper lobe. J. Se. 
3 and 3A, showing almost complete obliteration of pleural space foliowing decortication. “S” 
line is not the limiting margin of pleural space. 
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RESPIRATORY STUDIES, MARCH 24, 1948 











Determined Predicted 
Maximum Breathing Capacity 53 L/m 105 L/m 
Lung Volume, Recumbent Determined Predicted 
Total volume 2.74 4.54 
Vital capacity 1.53 3.64 
Mid capacity 1.43 1.65 
Reserve air 0.22 0.75 
Residual air 1.21 (44%) 0.90 
Lung Ventilation Efficiency 
5 times F.R.A. = 59% (normal = 85% or more) 
3ronchospirometry Right Lung Left Lung 
Minute ventilation 18% 82% 
Oxygen consumption 11% 89% 
CO, output 9% 91% 
Vital capacity 15% 85% 
Arterial Blood Gases (at rest) 
CO, content 50.66 vol. 
O., content 17.18 vol. 
O. capacity 18.72 vol. 
HbO, saturation 91.8% 
Arterial Blood Gases During Exercise®* 
CO. content 47.81 vol. % 
O. content 15.85 vol. % 
O, capacity 19.69 vol. % 
HbO, saturation 80.5% 
Metabolie and Respiratory Response to Exerciset 
Minute ventilation 37.9 L. 
Oxygen consumption 1.29 L. 
CO, output 1.13 L. 
Oxygen ventilation equivalent = 29.4 L. 
Dyspnea index = .69 
Pulse rate (at height of exercise) 142/m 
Pulse rate (after 10 minutes of recovery) 96/m 
Respiratory rate (at height of exercise ) 42/m 
Respiratory rate (at end of 10 minute recovery ) 25/m 








*4% grade at 3 m.p.h. 

+The patient was walked at a level, 4% and 6% grades at 3 miles per hour. On _ the 
6% grade, he walked for six minutes and expired air was collected during the fifth and sixth 
minutes. 


of the peel had a strawberry-like appearance. When the lung had been peeled free and pres- 
sure was applied to the anesthetic bag, inflation occurred and the lung took on a pink color, 
but there was some scarring and dimpling. 

Postoperatively there was evidence of expansion but incomplete obliteration of the 
pleural space. It is too early in the postoperative period to predict the ultimate outcome. 
The plan is to repeat the respiratory studies in this case at a later date when re-expansion 


may be complete or no further change noted. 


Comment.—This is the oldest case in point of time elapsed (26 years) since 
the onset of pleural disease. There was little to suggest the extent of pulmonary 
involvement and in addition the pleura was calcified and intermittently a bron- 
chopleural fistula was demonstrated clinically though not seen at operation. The 
outcome must be awaited.* It was shown that though difficult of performance, 
the operation could be done. 


*Respiratory studies six months postdecortication showed functional improvement par- 
ticularly noted in a good HbO: saturation after exercises (93.1 per cent). 
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Case 9.—R. T. was a Hawaiian-Japanese physician, 30 years of age, whose pulmonary 
tuberculosis was discovered during hospital residency elsewhere in the winter of 1945, and 
pneumothorax was instituted in December, 1945. This was complicated by the formation of 
fluid in May, 1946, associated with fever. Empyema developed and was treated conservatively 
by aspiration and irrigation. There was marked ‘‘ pleural thickening’’ so that a 2% inch 
needle had to be put in all the way for removal of fluid. With more frequent pleural lavage 
and instillation of large amounts of penicillin there was ultimate complete re-expansion of 
the lung. Function is virtually restored as noted clinically by normal breath sounds and 


good movement in inspiration and clouding or emptying on expiration. 


RT i RT 1A 
PNx. COMP. EMPY. | RTLAT. DEcuB, 
B-1-46 ” 


RT.-2-INSP. 

CONSERV. R RT.-2A 

No Decoart. E xP. 
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Fig. 10 (Case 9).—R. T. 1 and 1A, Showing marked thickening on both pleural sur- 
faces, lung unexpandable. R. T. 2 and 2A, lung re-expanded to normal size. Good function 
is noted by expiration showing satisfactory emptying of left lung and complete resolution of 
both pleural peels. 

Note.—This case was not treated by decortication. 


Comment.—The patient had a small amount of lung involvement resulting 
in severe loss of function by the empyema complication and markedly thickened 
‘‘neel.’’ Resolution of the peel and return to function of the lung occurred 
without decortication. This suggests that with a good underlying lung the 
prospect of re-expansion and return to good function is excellent even when 
decortication is not carried out. 
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CONCLUSIONS 


Decortication suggests itself for the following conditions at the present 
time: (1) longstanding inexpansible pneumothorax; (2) persisting hydro- or 
pyopneumothorax which fails to respond to other measures; (3) re-expansion 
of a contraselective collapse of healthy lung; (4) instead of a Schede operation 
in pleurocutaneous fistula with residual pleural space (possibly in the presence 
of a bronchopleural fistula also). 

Thus far the material studied indicates that empyema is not a deterrent in 
performing the operation and obtaining primary wound healing. 

As much improvement in function need not follow decortication in tuber- 
culosis as is seen in uncomplicated cases of hemothorax or pyothorax. There is 
some suggestion that decreased arterial oxygen saturation might result. 

It is suggested that a carefully planned study both before and after opera- 
tion, as well as a long-term follow-up, be undertaken before the place for decorti- 
cation in tuberculosis is established in our armamentarium. 
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DECORTICATION OF THE UNEXPANDED TUBERCULOUS LUNG 
FOLLOWING PNEUMOTHORAX 


JosepH A. WEINBERG, M.D., AND (BY INVITATION) J. Dwigut Davis, M.D. 
Van Nuys, CAuir. 


Gece years ago Gurd' presented before this association a report on the suc- 
cessful outcome of three operations of decortication in tuberculous empyema. 
This was of momentous importance since it had been previously considered that 
tuberculosis was one of the definite contraindications to decortication in pleural 
empyema. At the same meeting Mulvihill,? in discussing Gurd’s presentation, 
reported the successful decortication of a nonexpanding tuberculous lung fol- 
lowing therapeutic pneumothorax. During the past eight months we have per- 
formed the operation on seven patients with this latter type of disease, and it 
is these cases which we now wish to discuss. 

Tuberculous empyema and unexpanded tuberculous lung following pneumo- 
thorax do not differ greatly in the nature of the pathology and in the progression 
of the disease. In some eases it is possible to differentiate the two clinically 
only by the content of the pleural space, and oftentimes there is lack of agree- 
ment on this basis. In general, the fluid is thinner in ‘‘unexpanded lung’’ and 
the pleural space may frequently become obliterated by properly directed 
therapy; but as long as the space persists, there is the threat of conversion to 
an empyema which will require drainage or other surgical therapy.** Even 
though the space is eventually obliterated, it is largely through shifting of the 
mediastinal structures, elevation of the diaphragm and narrowing of the inter- 
costal spaces, and very little through expansion of the homolateral lung. 

Thus, in most eases of long-standing unexpanded lung, the patient is 
threatened with serious possibilities, the formation of a tuberculous empyema 
or the impairment of the functions of respiration and circulation incident to 
the extreme shifting of the mediastinal structures. It is for these reasons that 
decortication is desirable if it can be accomplished with safety. 

What are the possible objections to decortication? The greatest concern 
is that the tuberculous disease will be activated by the trauma of operation and 
the too early expansion of the diseased lung. In none of our cases has activation 
or spread of tuberculosis occurred following operation. Streptomycin, which 
is given during the surgical period, may well be the responsible factor. One 
gram is given daily in divided doses for not less than five days preceding surgery 
and for not less than ten days following surgery. Studies with the use of —, 
tomyein in other types of surgery in pulmonary tuberculosis indicate that ¢ 
dosage of 1 Gm. daily is adequate for prophylaxis against spread during ie 
surgical period. 
ai the Departments of Thoracic Surgery and Thoracic Medicine, Birmingham Veterans 
Administration Hospital, Van Nuys, Calif. 

Published with the permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinion expressed or 
conclusions drawn by the author. 


Read at the Twenty-Eighth Annual Meeting of The American Association for Thoracic 
Surgery, Quebec, Canada, May 31, June 1, 2, 1948. 
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A sufficient number of cases of decortication in tuberculous empyema has 
now been reported to prove that the operation may be performed safely.’ * ° 
The main questions to be answered now are, ‘‘In which eases should the opera- 
tion be performed?’’ and ‘‘How frequently will the surgeon be thwarted when 
decortication is attempted?’’ Several thoracic surgeons® **® have sounded 
notes of warning that one should exercise considerable caution in recommending 
the procedure in tuberculous empyema. They have particularly emphasized 
the danger of permitting the underlying diseased lung to re-expand, Our ex- 
perience does not support this apprehension. The compression of the under- 
lying pulmonary tissue by encasement of the lung in a tuberculous membrane 
is hardly an effective means of healing a tuberculous lesion. The compression 
should be performed selectively according to plan. One has only to examine 
the greatly thickened and indurated membrane, particularly at the apex, to 
realize the futility of attempts at selective compression by thoracoplasty or 
other means as long as the membrane is present. We consider it more logical 
to remove the tuberculous membrane, permit the lung to expand if it will do so, 
and later perform the indicated compression therapy in a purposeful manner. 
Thoracoplasty has been performed after decortication in two of our cases, and 
is contemplated in another. 

With regard to the technical features, all of our cases have been operated 
upon through an intercostal incision without resection or division of a rib. 
This means of entering the thorax and obtaining wide exposure is possible even 
though the ribs overlap each other. This is contrary to the general impression 
that it is necessary to resect a number of ribs in order to obtain sufficient ex- 
posure, The fifth interspace is usually selected, but satisfactory exposure has 
also been obtained through the fourth and sixth interspaces. 

It has been possible to remove all or almost all of the diseased membrane 
in the eases operated upon thus far (Fig. 1). Oddly enough, it appears that 
decortication is easier if the parietal membrane is included in the resection. 
As soon as the parietal pleura is exposed, it is separated from the thoracic wall 
over the distance of two or three ribs. The retractor blades are then separated 
widely, the sae is opened to permit evacuation of its contents and the separation 
of the parietal layer is continued in all directions. As the dissection progresses 
from the parietal to the visceral surface, one finds a plane of separation at the 
thickened ring which marks the junction between the parietal and visceral 
membranes (Fig. 2). In our earliest operations, this feature was not recognized 
and separation of the visceral pleura was accomplished with difficulty. In three 
later cases, it was possible to remove the entire membrane in a single cast. There 
are other important reasons for including the parietal membrane in the resection. 
Its removal from the costal, diaphragmatic, and other surfaces which may be 
involved, as well as from the visceral surface, will help to restore the function 
of the released lung by permitting increased excursions of the thoracic wall 
and diaphragm. Furthermore, a source of toxic absorption is thus removed. 
We are also of the opinion that sinus formations in the thoracie wall may follow 
incomplete removal as the result of extension of infection from the remaining 
membrane. Primary healing followed operation in all of our cases. 
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Fig. 1.—The first stage of the decortication. The membrane has been separated from the 
thoracie wall. 


Fig. 2.—The separation is being continued onto the pulmonary surface. A plane of sepa- 
ration of the visceral membrane has been developed at the thickened margin which marks the 
junction of the parietal and visceral membranes. 
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Eseape of air due to tears into the pulmonary tissue has occurred in all 
except the latest operation. The lacerations have varied from single areas ¢ 
few millimeters in length to multiple areas several centimeters in length. Small 
rents are closed with interrupted No. 60 cotton sutures. Larger rents are sealed 
by suturing pieces of Fibrin Foam over the openings with interrupted fine 
cotton sutures (Fig. 3). This phase of technique is stressed because gross leak- 
ages may interfere with postoperative pulmonary expansion. In one ease, 
failure to appreciate the importance of sealing pulmonary lacerations resulted 
in failure of the lung to remain expanded after operation. The surgical wound 


Fig. 3.—Method of sealing tears in the lung to prevent escape of air. <A piece of Fibrin Foam is 
sutured over the opening with interrupted fine cotton sutures. 

was reopened after nine days and a rent in the visceral pleura was discovered. 
This was sealed with Fibrin Foam and the patient went on to satisfactory re- 
covery with complete expansion of the lung. The use of Fibrin loam has been 
mentioned previously by Sanger.'° 

A preliminary report on the first five cases operated upon has been pub- 
lished elsewhere.’ Of these, two cases were classified as undrained'tuberculous 
empyema, two as threatened empyema, and one as tending toward obliteration 
of the pleural space with shifting of the mediastinum. Of the latest two cases, 
both are classified as threatened empyema. The underlying pulmonary tuber- 
culosis varied in degree from moderate to far advanced. The ages of the patients 
‘ranged from 23 years to 37 years. The average time between definite fixation 
of the lung following pneumothorax and operation was six months, the shortest 
period by x-ray evidence being three months, and the longest nine months. All 
of the patients showed complete expansion of the lung within four days to four 
weeks. The postoperative convalescence was remarkably smooth considering the 








A, 
Fig. 4.—Intact membranous sac removed at operation. A. View of the costal surface of 


the opened sac. B. View of the visceral surface of the sac. The thickened ring encircling the 
visceral surface marks the junction of the visceral and parietal portions of the membrane. 
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Fig. 5.—Photomicrograph of a section taken from the visceral surface of the membrane. 
Caseated tubercles with Langhans-type giant cells were observed in six of the seven membranes 
removed. 
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disease dealt with and the magnitude of the operation. Microscopic examination 
of sections of the membranes showed the presence of areas of caseation and 
epithelial tubercles with Langhans-type giant cells in all except the sixth case 
(Figs. 4 and 5). 

The recent successes with decortication encourage one to believe that this 
method of treatment which restores the function of the lung and retains the 
integrity of the thoracic wall will largely replace the mutilating operations of 
the past. None of the patients included in this report has been observed longer 
than eight months, and further observations are necessary to evaluate the long 
term results. However, it can be stated that there has been no demonstrable 


spread of tuberculosis in the early period following surgery. 


CASE REPORTS 


CasE 6.—J. L., aged 32 years, was started on pneumothorax treatment elsewhere on 
Feb. 11, 1946, for treatment of a cavity in the right upper lobe. On admission to Birmingham 
Veterans Administration Hospital, March 30, 1946, x-ray examination showed the right lung 
contracted to about one-half normal size and a fluid level above the dome of the diaphragm. 
A twenty-four-hour sputum concentrate was positive for Mycobacterium tuberculosis in 
October, 1946. 


A thick membrane had formed by November, 1947, and pneumothorax was discontinued. 
In March, 1948, it was estimated that the lung had been immobile for eight months. 

The patient was started on streptomycin on April 1, 1948, preparatory to decortication. 
An episode of upper respiratory infection made it advisable to postpone surgery until April 
26, 1948. 

Operation was performed under nitrous oxide and ether endotracheal anesthesia, The 
patient was placed in position with the diseased side (right) uppermost. An incision was 
made in the fifth interspace from the midclavicular line to the paravertebral, line, extending 
down to but not through the parietal pleural membrane. The rib spreader was inserted and 
the ribs were spread a distance of about 3 em. The spreader was removed and the parietal 
membrane was separated from the thoracic wall for a distance of several centimeters on each 
side of the incision. The spreader was reinserted and the ribs were spread widely. <A long 
incision was then made in the membrane and the fluid in the sac was evacuated. The sep- 
aration of the parietal membrane was then continued in all directions, A single large vessel 
between the apical pleura and the thoracic wall was divided and ligated. The dissection was 
continued onto the visceral surface by developing a plane of separation at the thickened 
junction of parietal and visceral membranes. Removal of the membrane was accomplished 
almost entirely by blunt dissection. Several small areas of exposed parenchyma were pleura- 
lized with No. 60 cotton sutures, One large uncovered area was sealed by suturing Fibrin 
Foam over the bubbling surface. The lung was folded on itself in several areas and these 
folds were released by dividing the restricting fibrous bands. Separation of the membrane 
from the diaphragm required sharp dissection in most areas. The diaphragm was perforated 
during the separation and the opening was sutured with interrupted No. 40 cotton sutures. 
The entire membrane was removed in one piece. The lung was inflated at intervals of 
twenty minutes or less after its exposure. Expansion was complete at the time of closure 
of the incision in the thoracic wall. Numerous bleeding points on the thoracic wall were 
coagulated electrically. One thousand cubic centimeters of blood were given during the opera- 
tion. 

Water-sealed thoracic catheter drains were placed in the third interspace anteriorly, 
and: in the sixth interspace laterally. The thoracie wall was then closed with No. 40 cotton 
for the intercostal muscles and parietal pleura, continnous No. 0 catgut sutures for the 
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extracostal muscles, and continuous cotton sutures for the skin. Before closing the thoracic 
wall, 200,000 units of penicillin and 1 Gm. of streptomycin in 10 ¢.c. of normal saline solu- 
tion were instilled into the pleural cavity. 

During the first twenty-four hours postoperatively, 1,000 ¢.c. of serosanguineous fluid 
were removed from the thorax through the intercostal catheters by means of continuous 
suction, Five hundred cubie centimeters were removed during the next twenty-four hours. 
The anterior catheter was removed on the fourth day and the lateral catheter was removed 
on the fifth day. The lung gradually expanded and filled the left hemothorax on the twenty- 
ninth day. The temperature reached a maximum of 102° F. on the second postoperative day 
and returned to normal on the sixth day (Fig. 6). 


Wig. 6 (Case 6).—Upper left inhalation film and upper right exhalation film taken six 
days before decortication. Corresponding lower films taken twenty-two days after operation. 
Expansion was incomplete at the time these postoperative films were made, but was complete 
twenty-nine days after operation. 

The capacity of the removed membranous sac was 700 ¢.c. The parietal membrane 
measured from 1 to 1.5 em. in thickness. The visceral membrane was consistently about 2 
mm. in thickness. The lining of the entire sac was moderately rough. Sections of the mem- 
brane examined microscopically showed fibrosis without evidence of specific tuberculous 
lesions. 


CASE 7.—J. M. was a man, 37 years of age. A diagnosis of tuberculosis with active 
disease in the left apical region was made in November, 1946. Cavitation was demonstrated 


several months later. The sputum was repeatedly positive for Mycobacterium tuberculosis. 
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A left pneumothorax was instituted on Aug. 5, 1947. Spontaneous pneumothorax on the 
same side occurred several days later, Refills were started after an interval of ten days and 
pneumonolysis was added on September 24. About this time the patient began to have 
symptoms of severe abdominal distress. He was transferred to the Birmingham Veterans 
Administration Hospital Jan. 27, 1948, and, after several weeks of observation, celiotomy 
was performed. This revealed a tuberculous jejunitis without obstruction, and an inflamed 
tuberculous appendix which was removed. The patient was started on streptomycin, 1 Gm. 
daily in divided doses, on March 23, three days after operation. The postoperative course 
was uneventful, and the patient has had no symptoms referable to the abdomen since then. 





Fig. 7 (Case 7).—Upper left inhalation film and upper right exhalation film taken one 
day before decortication. Corresponding lower films taken fourteen days after operation. 
Expansion remained complete after the fourth day following operation. 


In the meantime there was gradual progression of thickening of the membrane out- 
lining the pleural space. Early in March, 1948, the lung appeared to be about one-half the 
normal size and showed little if any tendency to re-expand, Turbid fluid re-formed soon 
after each aspiration. The streptomycin therapy was continued preparatory to decortication. 

Decortication was performed on May 4 through the left sixth intercostal space. The 
operative procedure was essentially the same as that described in Case 6, except that there 
were no tears in the pulmonary parenchyma which required closure. The membrane was 
removed from the costal, pericardial, diaphragmatic, and visceral surfaces as a complete 
east (Fig. 7). 
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Five hundred cubic centimeters of serosanguineous fluid were removed by suction during 
the first twenty-four hours. The anterior tube was removed on the third day. X-ray films 
showed the lung to be completely expanded on the fourth postoperative day and the lateral 
tube was removed at that time. The temperature remained normal after the seventh day, 
and the patient has felt well since then. Thoracoplasty was added on May 20, twenty days 
after decortication. Streptomycin is being continued for the treatment of the tuberculous 
enteritis. 

The sac contained several hundred cubic centimeters of thin, slightly turbid fluid. 
The parietal membrane varied in thickness from 5 mm. or less over the costal and dia- 
phragmatic surfaces, to 1 cm. at the apex of the sac. The visceral layer was 2 to 3 mm. in 
thickness and was lined with irregular patches of fibrinofibrous tissue. Microscopie exam- 
ination of sections of the membrane showed numerous areas of caseation and epithelioid 
tubercles with Langhans-type giant cells. 
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PHYSIOLOGIC OBSERVATIONS CONCERNING DECORTICATION 
OF THE LUNG 


GrorcE W. Wricut, M.D., Saranac Lake, N. Y., Lester B. YEE, M.D., 
Sunmount, N. Y., Gines F. Fituey, M.D., Sanam ac LAKE, N. Y., AND 
ALLAN STRANAHAN, M.D., Aaoanie. N. Y. (BY INVITATION ) 


HE feasibility and effectiveness of decortication as it relates to oblitera- 

tion of an undesired pleural space has been demonstrated, but the effect 
of decortieation upon pulmonary and circulatory function remains to be ex- 
plored. In this paper, the data obtained from a study of three cases of de- 
cortication are presented and discussed, in part because the subject is timely, 
but also to indicate the need for more extensive studies of the physiologic 
aspect of pulmonary decortication. Of these three cases, one is representa- 
tive of chronic traumatic hemothorax, another is an example of chronic 
tuberculous empyema, pneumothorax, and unexpandable lung, and the third is 
a ease of spontaneous hemopneumothorax that persisted with a febrile re- 
action but sterile pleural fluid. The first two cases were studied before and 
after decortication, whereas the third was observed only after the operation. 


CASE 1.—Chronie traumatic hemothorax. A 22-year-old white man was admitted to the 
Veterans Administration Hospital at Sunmount, N. Y., on Dee. 8, 1947, with a history of 
having been stabbed a few hours previously, as evidenced by a puncture wound four inches 
to the right of the tenth dorsal spine. Roentgenograms at the time of admission revealed 
the presence of fluid in the lower third of the right hemithorax. <A film on December 13 
showed complete disappearance of the chest fluid but on December 17 (nine days after ad- 
mission), fever began to develop and roentgenograms on that date showed a recurrence of the 
fluid in the right hemithorax. A specimen of the pleural fluid at this time was bloody but 
negative for bacteria by smear and culture. Chest fluid obtained at a later date did, how- 
ever, contain a pure culture of Staphylococcus aureus. The patient was treated by intermit- 
tent removal of fluid from the chest and administration of penicillin. In spite of this treat- 
F., and attempts to tap the chest 


ment, the fever persisted, at times being as high as 102° 


became unproductive (Fig. 1, 4). Decortication of the right lung was performed by Dr. 
Warriner Woodruff on Jan. 22, 1948 (forty-five days after the injury), the right hemithorax 
being entered after removing the fifth and a small portion of the fourth and sixth ribs. The 
pleural space was found to contain clotted and laked blood and there was a white, leathery 
peel about 5 mm. thick overlying the pleura. This peel was removed from the lung by blunt 
and sharp dissection and a fibrous layer was removed from the diaphragm. No attempt was 
made to remove the membrane from the parietal pleura. Under positive pressure, the lung 
was well expanded and closure made in the usual fashion with drain. Recovery was essentially 
uneventful. Fluoroscopy one month after decortication showed that the diaphragm and chest 
wall on the right moved in an almost normal manner (Fig. 1, B and C) 


CasE 2.—Chronie tuberculous empyema, pneumothorax, and unexpandable lung. <A 
39-yera-old white man was admitted to the Veterans Administration Hospital at Sunmount, 
N. Y., in the fall of 1942 with a diagnosis of extensive bilateral tuberculosis (Fig. 2, A). 


From the Veterans Administration Hospital at Sunmount, N. Y., and the KE. L. Trudeau 
Foundation, Saranac Lake, N. Y. 


This investigation was aided by a grant from the National Tuberculosis Association. 
Read at the Twenty-Eighth Annual Meeting of The American Association for Thoracic 
Surgery, Quebec, Canada, May 31, June 1, 2, 48. 
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Left pneumothorax was begun in November, 1942, and was abandoned uneventfully in March, 
1945. <A right pneumothorax was begun in February, 1943. Empyema with tubercle bacilli 
in the pleural fluid was noted as early as Fedruary, 1944. The empyema persisted, the fluid 
being negative for all organisms except the tubercle bacillus. The lung could not be re- 
expanded beyond an estimated one-quarter of its volume in spite of the use of high negative 
intrapleural pressures which were associated with discomfort (Fig. 2, B). Bronchopleural 
fistula was not suspected or demonstrated at any time. On June 12, 1947, Dr. Edward Welles 
decorticated the right lung. The hemithorax was entered after removal of the fifth rib and 
the lung was found to be encased beneath a thick, leathery, yellowish-white fibrous covering, 
which when incised was found to be approximately 6 mm. thick. The peel was removed, in 


A. B. 





D. 


Fig. 2 ane 2).—Chronic tuberculous empyema. A, Before pneumothorax was induced ; 
B, immediate y. before decortication; C, after decortication, full inspiration; D, after decorti- 
cation, full expiration. 
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some places by blunt dissection, but in others by sharp dissection, from the entire lung except 
for its diaphragmatic surface. The parietal pleura also was noted to be covered by a dense 
fibrous sheet which was not removed, nor was the membrane removed from the diaphragm. 
The right lung was completely re-expanded by positive pressure in spite of numerous areas 
of moderate air leakage from its surface. Prior to expansion, Dr. Welles palpated several 
tubercles in the compressed right upper lobe. The thorax was closed with a drain in the upper 
anterior and also the lower posterior aspect of the chest wall. Recovery though delayed was 
essentially uneventful. Complete re-expansion of the lung and obliteration of the space was 
finally obtained without further procedures (Fig. 2, C and PD). Fluoroscopy shows that the 
right hemidiaphragm moves 1 em. during quiet breathing and 5 em. during full inspiration 
and expiration. The left hemidiaphragm moves 3 em. during quiet breathing and 6 em. during 
maximal breathing. Rib motion of the right is equal to one-half that of the left side. These 
observations are confirmed by a comparison of films taken on inspiration and expiration. The 
parenchyma of the right lung does not show normal filling and emptying as judged by changes 
in density. There is objective evidence of moderate trapping of air in the right lung. 


CasE 3.—Spontaneous hemopneumothorax, complicated by empyema (?). A 21-year-old 
white man with no previous history of relevant illness, was suddenly seized with a sharp 
pain in his right chest while sawing wood. A few hours later he developed moderately severe 
dyspnea even at rest. Two days after this occurrence, he called a physician who strapped his 
chest after finding evidence of a hydrothorax, pneumothorax (?). He was admitted to the 
General Hospital in Saranac Lake on Feb. 15, 1948, at which time a roentgenogram revealed 
the presence of a hydropneumothorax (Fig. 3, 4). The chest fluid was sampled and found to 
contain blood. The patient’s clinical course in the hospital was characterized by high, variable 
fever from the time of admission until March 12, by which time the febrile reaction had sub- 
sided. Although no organisms were ever obtained from the pleural fluid, the reduction of 
fever occurring concomitant with the administration of penicillin strongly suggests that 
there was a bacterial infection of the pleural space. There was no history or evidence 
of bronchopleural fistula and the pleural space was not drained. The etiology of the 
hemopneumothorax is unknown. The patient had roentgenograms of the chest which 
were interpreted to be normal in February, 1947, and also in September, 1947. On March 
13, 1948, Dr. Warriner Woodruff decorticated the right lung. The pleural space was 
entered after removal of the sixth rib and its contents were found to consist of approximately 
2.0 L. of clotted blood. The lung was seen to be contracted down against the mediastinum 
and the pleural surface was covered with a smooth membrane, approximately 2 mm. thick. 
This covering was fairly solid but in places had the consistency of wet blotter paper. It was 
peeled from the lung with no difficulty, the operator commenting that it separated from the 
lung about as the peel separates from a tangerine. The oblique fissure was freed as was also, 
though to a lesser extent, the transverse fissure. The diaphragm was freed from the lung and 
chest wall and a considerable amount of shaggy material was removed from the diaphragm. 
The parietal pleura could not be freed without removal of underlying pleura, so it was not 
decorticated. The lung re-expanded perfectly under positive pressure and the pleura ap- 
peared in all places to be normal. There was no evidence of any parenchymal abnormality. 
The chest was closed and the lung expanded in the customary fashion. Convalescence was 
uneventful, the right lung completely filling the right hemithorax (Fig. 3, B and C). Flu- 
oroscopy forty days after the operation shows that during quiet breathing, the right hemi- 
diaphragm moves approximately half as well as the left, the motion being approximately 1 em. 
on the right and 2 em. on the left. During forced breathing, however, the right diaphragm 
moves in a more nearly normal fashion. Rib motion seems to be equal but somewhat re- 
stricted on both sides. The left lung appears to empty in a normal fashion but the right 
lung does not empty to the usual extent. This is confirmed by a comparison of inspiration- 
expiration films. Bronchoscopy performed forty-five days after the operation revealed an 
essentially normal tracheobronchial tree. The tracheal lumen was stated to be definitely small 
for a man of this size and age. Nothing was found to help explain the unexpected broncho- 


spirometry data. 
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METHODS 


Mazimum Breathing Capacity—Maximum breathing capacity, hereafter 
referred to as MBC, was measured according to the method described by 
Hermannsen.! The subject hyperventilated voluntarily for thirty seconds 
through a high-velocity valve into a Douglas bag, the estimate being expressed 
in liters per minute. The predicted value was obtained by the use of a pro- 
visional regression formula? obtained in this laboratory from a statistical 
analysis of data gathered from a study of 250 normal healthy men. This 
formula is as follows: MBC = 197.5 — (1.36 x age). The standard deviation of 
the mean from which this formula is derived is 25 L., therefore the normal 
range can be expressed as a predicted figure + 50 L. Pulmonary Volumina: 
the subdivisions are as follows: total volume = vital capacity plus residual 
air, vital capacity = complementary air plus reserve air, mid capacity = that 
volume of air in the lungs at mid position of the thorax or at the end of a 
natural or subconscious expiration, complementary air = maximum volume 
that can be inspired from the mid position, reserve air = maximum volume 
that can be expired from the mid position, residual air = mid capacity minus 
reserve air. The vital capacity was measured by a recording spirometer, the 
mid capacity by the method of Cournand and associates* modified to correct 
for the point at which the subject is turned into the open circuit. Ventila- 
tion efficiency was estimated by a method developed in this laboratory and as 
yet unpublished. It is based on the principle of recovering nitrogen from 
the lung while pure oxygen is breathed in an open cireuit. <A figure lower 
than 85 per cent is indicative of poor ventilation.* Bronchospirometry was 
earried out according to the method? utilizing an open circuit for measure- 
ments. Anesthesia was obtained by sparing use of 2 per cent Pontocaine in 
the pharynx and Forrestier’s Solution in the larynx and trachea. Arterial 
blood samples were obtained at rest by means of a needle puncture of the 
brachial artery. Those samples taken during exercise were obtained by 
means of an indwelling arterial needle placed in the brachial artery. All ex- 
ercise was performed on a motor-driven treadmill and blood samples and ex- 
pired air were obtained simultaneously after at least four minutes of exercise. 
Blood earbon dioxide and oxygen were determined by the method of Van 
Slyke and Neill.’ All figures in these data have been corrected for physically 
dissolved gases. Carbon dioxide and oxygen tensions were measured directly 
by the method of Riley and co-workers.* The gradient between arterial blood 
and alveolar air (A-A gradient) was obtained by subtracting the determined 
arterial blood oxygen tensions from the calculated alveolar air oxygen ten- 
sions according to the method of Riley and associates.’ Metabolic responses 
during exercise were obtained on a motor-driven treadmill, samples of expired 
air being collected during the fifth and sixth minutes of exercise, except in 
exercise periods of shorter duration, when the expired air was collected in the 


*The term “ventilation” used in this connection refers to distribution and mixing of 
gases in the lungs. 
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terminal minute of the exercise period. Oxygen and carbon dioxide content 
of expired air was measured by analysis with the Haldane apparatus. Minute 
ventilation, oxygen consumption, and carbon dioxide output were calculated 
from the expired air data and expressed in terms of the terminal minute. 


DESCRIPTION AND DISCUSSION OF DATA 

The extent to which the pleural changes of chronic traumatic hemo- 
thorax reduced the pulmonary volumina and limited the degree to which the 
right lung participates in the act of breathing is clearly demonstrated (Table 
I) by the lung volume and bronchospirometry data of the preoperation study 
of Case 1. The fact that the right lung took up proportionately less oxygen 
than it should have, on the basis of its participation in the volume of respired 
air (15 per cent as compared to 30 per cent) is noteworthy. Since the arterial 
hemoglobin was normally saturated (Table II), this disproportion indicates 
that pulmonary artery blood flow was diminished to a greater extent than was 
ventilation® in the right lung. This is a nice illustration of the usual ad- 
justment made by the pulmonary artery system whenever its supporting lung 
tissue is reduced in volume or respiratory motion. Such a diminution of blood 
flow prevents the arterial hypoxia that would otherwise develop if venous 
blood were permitted to traverse the nonventilated segments of lungs. Al- 
though the mechanism of this arrangement is not clearly understood, it is un- 


TABLE I 








CASE 1 CASE 2 CASE 3 
PREOP- | POSTOP- | POSTOP- POSTOP- | POSTOP- | POSTUP- 
ERATION |ERATION |ERATION ERATION |ERATION |ERATION 
34 240 PREOP- 180 330 40 
pAys | DAYS |ERATION| pays | pays | DAYS 














“Maximum Breathing Capacity— 
Determined in liters/min. 112 130 74 70 73 116 
Predicted in liters/min. 168 168 145 145 145 169 








Pulmonary Volumina, Recum- 
bent— 
Total volumet Sisal 3.85 2.92 
Vital capacity 2.61 2.94 1.84 
Mid capacity 1.49 1.46 1.32 
Reserve air 0.59 0.55 0.24 
Residual air 0.90 0.91 1.08 


4.64 
3.30 
2.07 
0.73 
1.34 
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Ventilation efficiency % 65 
Bronchospirometry— 

Minute volume: right lung 

left lung 

Oxygen intake: right lung 

left lung 

Carbon dioxide — right lung 

output: 


a 
fr) 
c=) 





left lung 
Vital capacity: right lung 
left lung 


























*Normal range = + 50 liters. 

All volumes are wet gas at 37° C. 

+Predicted normal total volume for Case 1 = 4.34 liters, Case 2 = 5.14 liters, Case 3 = 
5.0 liters. 


*The term “ventilation” throughout this text is construed to indicate the quantitative 
aspect of moving air into and out of the lung except when clearly indicated to mean otherwise. 
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TABLE II 








CASE 1 CASE 2 CASE 3 
POSTOP- | POSTOP- POSTOP- | POSTOP- | POSTOP- 
ERATION | ERATION ERATION |ERATION |ERATION 
PREOP- 34 240 PREOP- 180 330 40 
ERATION| DAYS DAYS |ERATION| DAYS DAYS DAYS 








Blood Obtained During Rest— 
CO, content in vol.% 43.75 | 46.0 49.7 52.4 
O. content in vol. % 79 19.35 | 17.70 | 18.16 17.62 
O, capacity in vol. % 21. 30.85 | 18.00 | 20.91 18.42 
Hemoglobin saturation % 93 98 87 95.7 
CO, tension in mm. Hg 37 47 31? 40 
O, tension in mm. Hg 82 70 64 82 
A-A gradient in mm. Hg 15 13 34 9 

Blood Obtained During Excrcise— 
Treadmill grade (%) 4 6 6 10 
Treadmill speed (MPH) 3.5 2 2 aaa 
O, consumption: ¢.¢c./min. 1100 1050 | 1015 1600 
CO, content in vol. % 47.6 | 46.2 42.45 
O, content in vol. % 19.15 17.86 | 18.62 17.66 
O, capacity in vol. % 20.70 21.66 | 21.58 19.32 
Hemoglobin saturation % 93 82.5 | 86.2 91.4 
CO, tension in mm. Hg 36 42 37.5 
O, tension in mm. Hg 56 58 78 
A-A gradient in mm. Hg 42 30 24 


> 





























doubtedly one of the important adaptive functions of the body. The limita- 
tion of the function of the right lung was clearly due to a combination of 
plombage and incasement of the lung and chest wall by a relatively non- 


expansile membrane. 
That the loss of lung volume, and more particularly the reduction of pul- 
-~monary mobility, interfered markedly with the maximum ability of the 
respiratory apparatus to respire air is shown (Table I) by the reduction of 
MBC. The significance of this severe diminution is best shown by the effect 
it had on the subject’s response to exercise. The highest intensity of sustained 
work on the treadmill attained by this subject was that of a 4 per cent grade 
at 3.5 miles per hour during which a peak of 1,100 ¢.c. of oxygen consumption 
per minute was reached (Table II]). The realization that this maximum in- 
tensity of work is approximately one-third that which should be attained by 
a normal man of this age strikingly indicates the severe general crippling 
that was caused by the chronic hemothorax. Intolerable dyspnea, prevent- 
ing the subject from reaching a higher level of work intensity, developed at 
such a low intensity of work for two reasons. The breathing response to work 
was exaggerated quantitatively as indicated by the elevated O.v index (Table 
Ill). The respiratory apparatus was thus called upon for a larger than ecus- 
tomary performance at this level of work. Moreover, this unusual respira- 
tory burden was given to a crippled apparatus capable of delivering only 50 
per cent or less of its predicted normal capacity. In normal persons, respira- 
tory activity intrudes upon the field of consciousness when the breathing load 
(minute volume) reaches about 30 per cent of the MBC and becomes very no- 
ticeable at about 50 per cent of the MBC. As indicated by the dyspnea index 
in Table III (0.59 = 59 per cent), the respiratory sensations arising from the 
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TABLE III 








CASE 1 CASE 2 CASE 3 
POSTOP- | POSTOP- POSTOP- | POSTOP- 
ERATION |ERATION ERATION |ERATION| POST- 
PREOP- 34 240 PREOP- 180 330 OPERA- 
see ERATION| DAYS DAYS |ERATION] DAYS DAYS TION 
Grade 4% 4% 4% 0 0 v0 14% 
Speed in miles per hour 3.5 3.9 3.5 3.9 3.5 3.5 3.5 
Duration in minutes 6 6 6 6 6 6 6 
*Ventilation in liters/min. ~ 40.0 | 42.8 36.4 saw 24.8 23.6 58.1 
O, consumption in ¢.¢c./min. 1100 1055 1150 1040 1035 935 2020 
CO, output in ¢.ec./min. 960 975 1005 875 825 735 2280 
tO.v index 0.59 40.6 31.7 32.4 24.0 25.2 28.8 
{Dyspnea index 36.4 0.38 0.28 0.45 0.39 0.32 0.46 
Clinical dyspnea cara + 0 +444+ 44 + 4th 

ee expressed wet at 37° C. ambient pressure, O2 and CO» dry at O° C. and 760 
mm. Hg. 

fOov index = ventilation in liters/min. CNormal = 25 ¢ 5) 

Oz consumption in liters/min. 
tDyspnea index = ventilation in liters/min. ; 
maximum breathing capacity 















































crippled respiratory apparatus reached a point of intolerable discomfort at 
a load which a normal respiratory apparatus would carry comfortably for a 
long period. Exertional dyspnea developing at such a low intensity of work 
was, therefore, due primarily to the low breathing capacity of the crippled 
respiratory apparatus and, secondarily, though appreciably, to an exaggerated 


respiratory response to physical effort. 

Removal of the pleural plombage and the limiting membrane of the right 
lung permitted a nearly perfect re-expansion of the lung as shown in the 
roentgenogram (Fig. 1, B and ). A eomparison of the films made with the 
thorax in full inspiration and expiration shows that the mobility of the respira- 
tory apparatus was also improved. Physiologie measurements made 34 and 
240 days after decortication reveal a clearly demonstrated improvement of 
lung mobility and volume, so that at the last observation the subject’s status 
compares favorably with that of a normal man, although not quite attaining 
the predicted normal figures. Two observations merit special comment. From 
the bronchospirometry data of Table I, it is apparent that oxygen intake of 
the right lung inereased pari passu with the improvement of ventilation ; more- 
over, the arterial hemoglobin is normally saturated as shown in Table II. 
(The authors regret not having made this particular study during exercise.) 
Apparently a normal relationship between ventilation and pulmonary artery 
circulation was re-established in the newly distended right lung. 

The data of Table III indicate a marked improvement of exercise toler- 
ance. The subject experienced no exertional dyspnea whatsoever at the same 
intensity of work that caused intolerable dyspnea prior to decortication. A 
large increase of MBC and a lowered breathing response during exercise re- 
sulting in a normal dyspnea index (Table III) explain this gratifying result. 
Since arterial hypoxia cannot be invoked as the cause of overbreathing 
(high O.v) prior to decortication, and since removal of the peel, etc., was as- 
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sociated with a return to a definitely more normal breathing response (lowered 
O.v), one is tempted to postulate that the exaggerated breathing response 
during exercise prior to decortication was a manifestation of an unusual drive 
of the respiratory center by impulses arising in the lung and pleura. A similar 
effect was noted in Case 2. 

In contrast with Case 1, the data of Case 2 must be considered with due 
regard to the fact that both lungs are the site of extensive healed parenchy- 
mal tuberculosis, and that the left lung had been partially collapsed by pneu- 
mothorax for twenty-nine months (See Fig. 2, 4). The preoperation data of 
this ease is identical with that of the first, both as to description and interpreta- 
tion, with two exceptions. The residual air constitutes slightly more than the 
normal per cent of total volume, and the ventilation efficiency (efficiency with 
which nitrogen is removed from the lungs during respiration of pure oxygen) 
is slightly impaired in Case 2. These observations suggest mild emphysema of 
the lungs. In adition, the right lung participates to a greater degree in respira- 
tion during foreed breathing than during quiet breathing in Case 2, suggesting 
the limiting membrane over the lung in this case was more expansile than 
it was in Case 1. Other than these two features, the same comments can be 
made about the relationship of ventilation to pulmonary artery blood flow in 
the compressed lung and about the response to exercise in Case 2 as were 
made about Case 1. 

The postoperation data of Case 2 are, however, distinetly different from 
those of Case 1. Observations were made at 180 and 330 days after decortiea- 
tion. The pulmonary volumina data (Table 1) demonstrate an increase in vol- 
ume of air-containing lung that is consistent with the evidences of re-expan- 
sion shown in the roentgenogram (Fig. 2, ( and D). In spite of this, there 
was but little increase in the degree to which the right lung participates in 
the act of breathing or in the uptake of oxygen during quiet breathing as 
measured by bronchospirometry. Only during a vital-capacity breath could 
the right lung be made to show a participation in air movement consistent 
with the roentgenogram change. These observations indicate clearly that the 
re-expanded lung does not fill and empty as easily as does the left lung. In- 
spection of the right lung tracing during bronchospirometry confirms this in 
that the movement of air into and out of the right lung lagged behind that 
of the left. The same action ean be visualized fluoroseopically, in that, 
during quiet breathing, the density changes in the right lung oceur much 
more slowly than they do in the left. During rapid deep breathing, the 
density changes of the left lung are normal, whereas the right lung shows 
much less change of density during rapid deep breathing than it does during 
quiet breathing. These observations are interpreted as evidence that the 
right lung, although re-expanded, is ventilated very poorly and contributes 
little if any more to breathing now than it did prior to decortication. One 
cannot differentiate between airway obstruction and loss of lung distensibility 
and elasticity as the factors responsible for the poor ventilation of the right 
lung. Either or both mechanisms play a role. 








382 THE JOURNAL OF THORACIC SURGERY 


Perhaps the most striking postdecortication change in Case 2 is the de- 
velopment of arterial hypoxia (Table II), which is slight at rest but becomes 
significantly more severe during exercise. The fact that considerable quan- 
tities of incompletely oxygenated blood now traverse the lung is even more 
clearly indicated by the abnormally large A-A gradient, whose upper limit 
in normal persons is certainly no more than 15 mm. Hg. Sinee, prior to re- 
expansion of the right lung, this condition was absent, it is logical to associ- 
ate the new development with re-expansion of the lung. It is reasonable to 
postulate that pulmonary artery channels have been reopened by the re- 
expansion of previously collapsed and immobile tissue. Knowing that the re- 
expanded lung is poorly ventilated, one can adequately explain the hypoxia 
by assuming that a considerable portion of pulmonary artery blood is now 
traversing the poorly ventilated portions of lung and emerging incompletely 
oxygenated to mix with the normally oxygenated blood in the left side of the 
heart. A second explanation would be that the re-expanded alveoli, now 
recirculated with pulmonary artery blood, have developed changes in the 
barrier between the blood and alveolar air so that there is an impedence to 
the passage of gas across the alveolar membrane. It would appear virtually 
certain that one, or perhaps to some extent both, of these mechanisms has 
been set up by the operation. The mechanism mentioned earlier, whereby the 
proper relationship between alveolar circulation and ventilation is maintained, 
seems to have failed in this instanee. In our experience, re-expansion of lung 
tissue after even a prolonged collapse by uneomplicated pneumothorax has not 
led to hypoxia. Perhaps in time there will be a readjustment with the dis- 
appearance of the hypoxia in this particular ease. 

Hypoxia of the degree met with in this case is not necessarily incompatible 
with comfort, ete. It is something of a surprise to note how little effect (Table 
IIT) the hypoxia has on the response to exercise in this particular subject as 
indicated by the normal O.v index. When exercising at his maximum of toler- 
ated intensity (data omitted from Table III), namely, at a grade of 4 per cent, 
speed of 3.5 miles per hour, and oxygen consumption of 1,445 ¢.c. per minute, 
the Ovv index is still only 24.0 liters. Studies during recent years have shown 
that there is a considerable individual variation in physiological responses to 
hypoxia. 

In passing, it should be noted that during the interval between the second 
and third study, Case 2 was trained in and faithfully performed respiratory 
eymnasties designed to promote re-expansion and mobility of the lung. Perhaps 
some of the increase in the volume of the lung and in its mobility was the result 
of these exercises. Unfortunately, the gain in air movement, ete., was not ae- 
companied by perfect ventilation of all segments of lung or restitution of a 
normal blood gas barrier. 

Preoperation studies were not made in the third ease but ean, with little 
chance of error, be assumed to mimic the first case in all respects. The post- 
operation data was, however, entirely different from that which we had antici- 
pated. The pulmonary volumina, maximum breathing capacity, and resting 
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arterial blood studies are consistent with the expected end result and compare 
favorably with the postoperation results obtained in Case 1. The broncho- 
spirometry data (Table I), however, are clearly at variance with the anticipated 
estimate. Because of this, the study was repeated with special attention to 
proving to our own satisfaction that the result was valid and technical errors 
were excluded. The result of the second measurement duplicated that of the 
first. We are unable to explain the very low per cent to which the right lung 
participates in the respiratory act. Although physical examination, fluoroscopy, 
and a comparison of roentgenograms taken at full inspiration and expiration 
(Fig. 3, B and C) do not indicate perfectly normal ventilation of the right lung, 
they do suggest that it participates more than was measured by bronchospi- 
rometry. We are somewhat reluctantly forced to recognize that the repeated 
bronchospirometrie estimate is more likely to be correct than are the other 
observations mentioned above and are, therefore, faced with the at present un- 
explained disproportion of function between the right and left lungs. During 
exercise, the arterial blood hemoglobin was not oxygenated to an entirely normal 
extent and the A-A gradient was moderately increased. These observations 
indicate the same things as discussed in reference to Case 2 but on a seale of 
lesser magnitude. The unknown etiology, the brief interval of time between the 
operation and the postoperation studies, the history of a small hemithorax since 
childhood, plus the finding of a small trachea, ete., at bronchoscopy, all indicate 
that unrecognized factors may exist and caution must be exercised in drawing 
any conclusions from this ease. 
COMMENTS 

The observations made of these three cases suggest the following comments. 
Plombage (either air or liquid) plus the immobilizing effect of a relatively non. 
elastic membrane overlying the pleural surface does seriously cripple the respira- 
tory apparatus. This adverse effect infiuences not only the capacity of the 
person to exercise but also, as in the tuberculous, limits the use of collapse pro- 
eedures for the contralateral lung. Surgical evacuation of the plombage and 
removal of the visceral peel will, as in Case 1, effect a restitution to virtually 
normal pulmonary and cireulatory function in an as yet unknown number and 
type of cases. Re-expansion of lung tissue with obliteration of the pleural space 
is not always, as in Cases 2 and 3, followed by a recovery of normal pulmonary 
and cireulatory function of the involved lung. It is actually possible, as in 
Case 2, for decortication to eventuate in an abnormal relationship between ecir- 
culation and ventilation in the re-expanded lung tissue, The ultimate degree to 
which the re-expanded lung regains its normal physiological capacities depends 
in all probability upon the extent and nature of the histologie alteration that 
develops in the collapsed lung. Such alterations are related to the disease process 
in the lung prior to and during its collapse, to the development of the chronic 
empyema, ete., and probably also to the length of time the lung is collapsed. It 
is of interest that in none of these three cases was the parietal membrane peeled 
from the underlying pleura. From the data of Case 1, it would appear that this 
made no marked difference in the ultimate outcome. It should be remembered, 
however, that this membrane was present during a relatively short period. In 
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Case 2, the membrane had been present for a matter of years and in spite of its 
not being removed, there is evidence of some improvement in mobility of the 
underlying lung tissue. As to whether there would be better mobility now had 
the parietal membrane been stripped is a matter of conjecture. It is apparent 
from these studies that re-expansion and an improvement of lung mobility are 
of no avail if ventilation and circulation are not improved at the same time. 
These studies also indicate the need for detailed physiologic investigation of 
subjects before and after decortication. Analysis of the data thus obtained 
might in time enable one to predict the degree to which the re-expanded lung 
will recover physiologic integrity after decortication. 


SUMMARY 


1. Physiological studies of pulmonary function are reported in a case of 
chronie traumatie hemothorax, one of chronie tuberculous empyema complicating 
pneumothorax with an unexpandable lung, and another of chronic hemopneu- 
mothorax (empyema ?) of unknown etiology. 

2. Postdecortication as compared to predecortication observations demon- 
strate the abolition of the crippling effect of plombage and immobilizing mem- 
brane in the ease of chronic traumatic hemothorax. 

3. Studies prior to and after decortication in the case of tuberculous em- 
pyema, ete., show that, although the lung was successfully re-expanded, pul- 
monary function was not improved but was in fact further impaired. 

4. Postdecortication studies of the spontaneous hemopneumothorax case 
showed an unexpected lack of function in a perfectly re-expanded lung. 

5. The significance of these divergent results following decortication is 


discussed. 
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DISCUSSION ON ‘‘DECORTICATION IN PULMONARY TUBERCULOSIS INCLUDING STUDIES 
OF RESPIRATORY PHYSIOLOGY’’ BY DR. JOSEPH GORDON AND DR, EDWARD S. 
WELLES ;* ‘‘DECORTICATION OF THE UNEXPANDED TUBERCULOUS LUNG 
FOLLOWING PNEUMOTHORAX’’ BY DR. JOSEPH A. WEINBERG AND 
DR. J. DWIGHT DAVIS ;¢ AND ‘‘ PHYSIOLOGIC OBSERVATIONS CON- 

CERNING DECORTICATION OF THE LUNG’’ BY DR. GEORGE 
W. WRIGHT, DR. LESTER B. YEE, DR. GILES F. FILLEY, 

AND DR, ALLAN STRANAHAN 


DR. MARK H. WILLIAMS, Binghampton, N. Y.—Those of you who had experience 
with this operation in military service will agree that the procedure in that group of cases 
was comparatively easy. For the most part the peel stripped rather readily, leaving a clean, 
normal-appearing visceral pleura, At times this could be done by finger dissection, In 
contrast, decortication in the group of cases under discussion here today is a considerably 
more formidable procedure. If the technique that was used in the war is followed there 
are, in my experience, considerable bleeding and bubbling of air, and the operation is a 
tedious and laborious one. By modifying the technique somewhat, the separation of the 
peel can be considerably facilitated. 

(Slides.) This is intended to illustrate the situation found at operation in the average 
ease of this kind. The lung is not completely collapsed and is adherent below to the dia- 
phragm. 

As the first step in decortication it is suggested that one enter the plane of the pleural 
symphysis. This opens rather readily, and the lung can be separated from the diaphragm, 
pericardium, and the chest wall by sharp or blunt dissection with only a moderate amount 
of bleeding. This dissection is continued until the lung is entirely freed. At this point, 
the anesthetist is asked to inflate the lung. It now inflates considerably and the peel actually 
appears to shrink somewhat. The lower border of the membrane is now elevated using rather 
strong tension with heavy clamps. 

By the use of sharp and blunt dissection, the peel can be taken off with minimal injury 
to the lung and mininiil bleeding. It comes off fairly readily and during this procedure 
the anesthetist applies steady pressure. The dissection continues until sufficient lung ex- 
pansion is obtained to obliterate the pneumothorax space. Usually it is not necessary to 
remove all the peel in order to get sufficient expansion to fill the chest. Some of the mem- 
brane can be left in place over the upper lobe to insure permanent collapse of the area 
which was originally the site of cavitation. 


DR. WILLIAM M. TUTTLE, Detroit—I am much interested in this discussion because 
we have had a fair experience with decortication of the lung in tuberculosis. To date, our 
group has done this operation on forty-three patients. The captive lung was of six months’ 
to sixteen years’ duration. The operation was done for the following indications: seven 
patients were operated upon as an adjunct to lobectomy to allow re-expansion of the remaining 
lobes; twenty-three patients were operated upon for nonexpanded pneumothorax with fluid 
and approximately 50 per cent of those fluids were positive for tubercle bacilli; three opera- 
tions were done in the presence of a dry space with long-continued pneumothorax; seven 
were done for an ineased lung following a tuberculous pleuritis with effusion which had 
organized; and three were done for tuberculous empyema. Of the group, all expanded ex- 
cept four. One patient died as a result of reactivation of disease. In two the sputum be- 
came positive, the source was never found and they eventually became negative. One re- 
expanded and reopened a cavity in the re-expanded lung and that cavity with bed rest and 
with streptomycin eventually closed. 

We postulated at the start of this work that after all there were two things to be desired: 
one was possibly to increase the function of the lung and make breathing easier; the other 
was to obliterate an open pleural space. I think the more important thing is probably the 


*See page 337 for article by Gordon and Welles. 
7See page 363 for article by Weinberg and Davis. 
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obliteration of the pleural space. After all, we know that individuals who have an unex- 
panded lung over many years sooner or later develop fluid and possibly empyema, and many 
must eventually have a thoracoplasty, in order to obliterate the space. I believe one might 
postulate that in many of these individuals the return of function may not be too great in 
the re-expanded lung. This is because we know that the lung which has been involved in a 
tuberculous process in many instances loses its function almost completely. In other words, 
the pulmonary membrane is destroyed and the ability of the lung to absorb and use oxygen 
is greatly diminished. Dr. Wright’s figures bear that out. You will note that the volume 
in the re-expanded lungs was relatively good, but that the ability of the lung to use the 
oxygen inspired was poor. The findings of Dr. Wright fit in with what one might predict in 
many of these individuals whose disease had been extensive. 

We have not removed the parietal pleura because in our experience in wartime we found 
that it was not necessary. If the visceral peel is removed and the lung is allowed to expand 
against the chest wall, then for some reason the parietal peel thins out and it is unnecessary 
to remove it. It is my feeling that to remove this, and it is a nice operation to get the whole 
thing off as a sac, increases the bleeding considerably, increases the operative time, and I 
believe it tends to complicate the situation. 

We are pleased with the operation but not too overly optimistic about this, because you 
are not going to be able to decorticate every lung of all patients who have a tuberculous 
empyema, There will be some in whom the peel is so intimately attached to the visceral 
pleura that its removal will certainly be impossible. We have had that experience. There 
are other instances in which it may not be desirable to remove the peel at all, and a thoraco- 
plasty should be done because of previous underlying disease. 

I can see really little justification for combining thoracoplasty and decortication. We 
should make up our minds which operative procedure we want to employ. I agree fully 
with Dr. Weinberg that it is probably best to decorticate the lung, allow the lung to re-expand, 
see the status of the underlying disease and then if thoracoplasty is necessary it can be done. 
In our series we had to do a thoracoplasty in four instances in which the decortication itself 
as a primary procedure failed to allow expansion of the lung. 


DR. D. H. WATERMAN, Knoxville, Tenn.—Our interest was first drawn to the problem 
of decortication in tuberculosis about three years ago when we had occasion to do a pneumo- 
nectomy on a patient who had developed a carcinoma in an unexpandable pneumothorax 
lung. The ease with which the peel stripped from the pleura, after a three-and-one-half-year 
pneumothorax complicated by pleural effusion, was so striking that further trial was felt 
warranted. We believe very strongly that this procedure will soon come into general use 
when satisfactory re-expansion of a pneumothorax fails to take place. 

It has already been brought out that examination of the first x-ray films is of course 
very important in planning the surgical attack. 

In a very limited experience, we feel that actually the procedure is an easier one, so 
far as stripping is concerned, in those cases that have an unexpandable lung without empyema 
than it is in hemothorax cases. Our experience in the latter group is limited too, however. 
Dr. Tuttle and others have mentioned the fairly appreciable number of pneumothoraces we 
see which do not fall into the empyema group, but which have a thickened peel over the 
surface of the lung preventing re-expansion. Here is a way to convert such poor pneumothorax 


results into good ones. 


DR. W. W. BUCKINGHAM, Kansas City, Mo.—So far the papers and the discussers 
have failed to bring out the fact that the procedure can be a reversible one. In other words, 
we can use this to re-expand the lung or we can use it to collapse the lung further. We 
have done this operation in seven cases, in three of which cavities were developing underneath 
the incompressible lung. These three were all very well stuck at the base. By peeling away 
the top, as one gets around to the edge, as Dr. Weinberg states, further collapse of the lung 
‘an be brought down into the mediastinum; so you end up in those cases with a better 
selective pneumothorax than you had before. Two of these cases had conversion of sputum. 
It was not thought that resection was advisable in these cases as two of these patients had 
pneumothorax on the other side, and the other a contralateral thoracoplasty. 
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DR. D. A. MULVIHILL, New York.—We have been continuously interested in this 
since the wartime experience with decortication of hemothoraces. A ease that I reported at 
Detroit two years ago was an application of the procedure to one of the problems we have 
in tuberculosis. The indications I spoke of at that time were somewhat different from those 
brought out today, in that I thought decortication might be applicable to obliteration of 
the dry pleural spaces resulting from nonexpansion of a postpneumothorax lung. I do not 
know whether it will be as applicable, as Dr. Tuttle brought out, to cases of frank tuberculous 
empyema, but it will have a very definite place, I think, in overcoming the symptoms of the 
dry, long-standing pneumothorax space. These patients with controlled disease want to be 
relieved of the necessity of refills after a period of years. They also want to be relieved of 
the dyspnea and the feeling of tightness they have, if they do not get their refills frequently 
enough, and we want to relieve them of the dangers of empyema. 

(Slides.) I would like to show one case. 

In a paper which will appear in the JOURNAL or THORACIC SuRGERY, I have stated that 
IT have hesitated to employ this procedure in any tuberculous empyemas. However, with 
streptomycin, I feel it is sometimes possible to sterilize the space, and then proceed with 
decortication. 


DR. ROBERT BLOCH, Chicago.—The group of papers just presented dealt essentially 
with complications resulting from artificial pneumothorax treatment of long duration. I 
could not help reflecting on the whole issue of that form of collapse therapy. The chief 
reflection is that artificial pneumothorax treatment may not deserve to be the universal therapy 
for tuberculosis that it has come to be considered in many quarters. Two or three decades 
ago the average duration of the treatment was about one year; often, only a few months. 
We have learned since then that for satisfactory results the duration of the treatment has 
to average a minimum of three years. This necessity has been the chief cause of complica- 
tions such as we heard discussed this afternoon. It is comparatively easy to keep a patient 
at rest up to a year but very difficult, and often emotionally, socially, and economically im- 
possible, to keep his activities under control for three years or more when he is asymptomatic 
and in good general condition. 

Eight years ago Dr. William Adams, Dr. William B. Tucker, and I presented a paper 
at the joint meeting of this Association and the American Trudeau Society which we called 
‘*Standards and Criteria in Artificial Pneumothorax Treatment.’’ At that time statistics 
gained from the world’s literature on the late results of artificial pneumothorax showed 
roughly that one-third of the patients so treated were considered cured; one-third, uncured 
but living; one-third, dead. There is reason to assume that the figures have not changed since. 
This morning during discussions of extrapleural collapse methods several of the speakers 
remarked that there was hesitancy among surgeons to introduce foreign materials into the 
thorax for collapse purposes; as an internist | want to express my own hesitancy to introduce 
air into the pleural cavity regularly and over periods of years, without the strict indications 
which time does not permit to discuss now. 


DR. WARRINER WOODRUFF, Saranae Lake, N. Y.—I wish to make two points. 
First, Dr. Wright has credited me with performing the operation on ‘‘J. S.’’? While I am 
listed on the records as the operating surgeon, Dr. E. S. Welles and I worked together and 
the decortication was actually done by Dr. Welles. 

My second point is one which has not been raised in this discussion but should be. It 
concerns the value of a decortication instead of a Schede operation in the obliteration of a 
residual empyema pocket when the ordinary thoracoplasty has not been successful. We know 
that in the presence of an old empyema even an extensive thoracoplasty may leave a residual 
space. In the past a Schede has been our next step; but if decortication can be done, it has 
many advantages. It is cleaner and the wound heals more promptly and requires less after- 
pare. "ven though Dr. Wright has demonstrated in the patient with long-standing tuber- 
culosis that there was considerable impairment of pulmonary function following decortication, 
I am not sure that the impairment is greater than would have been obtained by a Schede, 
as with the Schede the patient would have been left with a chest wall that would have re- 
mained flaccid for a long time. 
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DR. ROBERT KLOPSTOCK, Jamaica, N. Y.—I should like to make only a brief 
statement: The presence of any chronic and even uncomplicated pneumothorax seems to 
result in a peel-forming fibrous deposit upon both the visceral and the parietal pleura with- 
out involving the pleura proper. This peel causes, even in the most inconspicuous case, some 
degree of nonexpansion of the previously collapsed lung or areas of it and infolds in places 
the pulmonary parenchyma. This condition seems to be present in spite of satisfactory 
‘*x-ray appearance’’ of re-expansion and re-aeration of the lung. The infolding of pulmonary 
parenchyma may appear as parenchymal pathology on the skiagram. (Of course, nonex- 
pansion due to pulmonary pathology is not considered in this particular problem.) 

Performing resections for pulmonary tuberculosis, we explored a significant number of 
patients who had either a maintained pneumothorax at the time of the operation, some of 
only two or three months’ duration, or a re-expanded lung following pneumothorax treatment 
of shorter or longer standing. Without exception we observed the noted ‘‘pneumothorax- 
peel’’ and had to perform a decortication in order both to develop the fissures and to secure 
complete re-expansion of the remaining pulmonary parenchyma. The thickness of the peel 
varied from a few millimeters to a filmy sheath; but even a filmy sheath was sufficient to cause 
at least infolding of pulmonary parenchyma and prevent full re-exp:usion of the remaining 
lobe. I am aware, of course, that all of you doing the same type of werk had the same ex- 
perience. I feel, however, that this observation concerning the consistency of formation of a 
‘¢pneumothorax-peel’’ should be stated and added to the data on the natural history of 


the artificial pneumothorax. 


DR. GORDON.—First of all, I should like to express Dr. Welles’ regret at not being 
here; he sends greetings. I should like to thank the discussers for what they have said. It 
is exactly what we need when seeking a new approach to an old problem. 

Regarding removal of the parietal peel, I should like to show slides of a ease which 
suggest that it may not be necessary where there is a good underlying lung. Apparent com- 
plete resolution of the thickening peel has taken place as the lung returned to virtually 


normal function. 


DR. WEINBERG.—I wish to thank the several discussants for their comments. Dr. 
Tuttle wonders why it is advantageous to remove the entire membrane in one piece. In con- 
densing my paper for reading, it is possible that I have not dwelt on the advantages suf- 
ficiently. First, it has been found to be much easier to remove all of the visceral membrane 
if the parietal membrane is separated first and the dissection is continued on to the visceral 
surface. Second, if one does not remove all of the visceral membrane, the lung will not ex- 
pand completely following decortication. Third, it is possible that retained portions of the 
diseased membrane would encourage the formation of sinuses in the thoracie wall. Fourth, 
the greatly thickened parietal membrane will limit the excursions of the thoracic wall and 
diaphragm at a time when this function is most needed to restore complete expansion of the 
lung. Dr. Gordon’s observation that the retained parietal membrane tends to recede in the 
weeks following visceral decortication is encouraging for those who prefer to limit the pro- 
cedure to the visceral surface, but the simplicity of the removal of the parietal membrane 
argues in favor of its resection instead of relying on its later resorption. 

The question is raised, ‘‘Why release a lung by decortication and perform a thoraco- 
plasty later? Why not limit the surgery to a thoracoplasty in the first place?’’ The purpose 
of decortication is not only to obliterate a pleural space, which is a potential or actual 
tuberculous empyema, but also to restore the function of the compressed lung. After de- 
rortication, if it is seen that thoracoplasty is indicated for pulmonary compression, this can 
be done in a selective, purposeful manner. One who has visited the autopsy room and has 
seen a grossly cavitated compressed lung under the thickened membrane of a tuberculous 
empyema must realize that the diseased lung is not benefited by the haphazard compression 


which nature imposes on it. 








ALLERGY IN PULMONARY TUBERCULOSIS 
Wit SpeciAL REFERENCE TO AUTOTUBERCULINIZATION 
A. R. Jupp, M.D., Hampure, Pa. 


HE life history of a tuberculous infection in the human subject follows an 

intensely interesting and complex pattern, particularly if this pattern is not 
interfered with by ‘‘outside forees.’’ This pattern is characteristic of few other 
infections and its complexity probably is not equaled or surpassed by other 
common, so-called, bacterial diseases. Seldom in other except fungus diseases 
is the response of allergy developed with the same as, or greater frequency and 
exactness than, in human tuberculosis. 

Allergy as it relates to classical pulmonary tuberculosis occupies a funda- 
mental position for it is the allergic response of the individual that determines 
the characteristics of pathologie processes occurring in patients developing the 
secondary or reinfection phase tuberculosis. There exists a profound and funda- 
mental distinction between the reaction of the tissues in a healthy, uninfected 
individual and the one who has already been infected by the tubercle bacillus, 
and in whom living tuberele bacilli are, therefore, present. The fact of their 
being present and living is essential to the continued presence of this reaction 
but the presence of an active tuberculous disease, however, is neither implied 
nor necessary, 

Robert Koch (1891), through his now classical animal experiments, recog- 
nized this distinction, that is to say, the distinction existing between the reaction 
of individuals infected and those not previously infected by the tuberele bacillus. 
In more recent years, however, further studies have revealed the presence of two 
distinet factors, both growing out of a primary tuberculous infection, in an 
individual not hitherto infected by the tubercle bacillus. These factors are, first, 
allergy, and second, immunity. Each, I believe, represents an entity (by itself) 
distinet, related but not wholly interdependent.'?)'? Both serve to determine 
the sequence of events in a patient reinfected by tubercle bacilli. By definition, 
immunity is the ability of the organism to resist the living bacilli themselves, 
while allergy is the sensitization of the organism to the products of the bacteria. 

An individual becoming infected by the tubercle bacillus for the first time 
is said to have (received) the primary phase, or first infection, that phase of a 
tubereulous infection formerly recognized as childhood tuberculosis and so 
named because of the high frequency of this infection in children and young 
individuals. However, the primary phase infection is not confined to childhood 
but may occur at any stage in life of a person not previously so infected. The 
primary infection is usually benign, free from pronounced or noticeable clinical 
reaction. This generally passes unnoticed. Pathologieally, during the first 
(primary) infection it is to be noted that the invading bacilli, on the whole, 
are not retained at the site of invasion but are transported by the lymph system 
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to the regional lymph nodes and these in turn tend to become enlarged, caseous, 
and may later become calcified. During the course of this infection and after a 
certain incubation period, a state of hypersensitivity (or allergy) to the products 
of the invading organism is developed. This incubation period usually occupies 
a period of eight weeks, but sometimes longer. Likewise, there is produced a 
certain but essentially unmeasurable degree of immunity. Both remain with 
the patient so long as living tubercle bacilli continue to be present within the 
organism, although significant clinical and morbid tissue activity may be absent. 

In the event that this primarily infected individual should become infected 
again, the sequence of events is strikingly different due to the existence of an 
allergic state. The invading organisms on the whole are now retained at the 
site of inoculation. <A local, acute, allergic inflammatory reaction takes place. 
This reaction is characterized by an outpouring of polymorphonuclear leucocytes 
and plasma cells, which reaction is further accompanied by local tissue necrosis. 

Experimentation has shown that an identical reaction takes place if tuber- 
eulin or dead tubercle bacilli are injected into such a hypersensitized subject. 
This reaction depends upon the fact that an otherwise bland material, tuberculin, 
now acts as a powerful, irritating, and necrotizing agent, a response encountered 
only in an individual who has developed such a specific allergic response to the 
products of the tubercle bacillus. As a consequence thereof, clinical, or reinfec- 
tion phase, tuberculosis assumes a position of profound importance in the realm 
of specialized therapeutics. 

Underlying the whole phenomenon of allergy in tuberculosis is the question 
of the specificity of tuberculin in the production of a specifie hypersensitiveness, 
or allergy, in man or animal. Numerous reports have been submitted and many 
controversial questions raised. Some writers, especially Moro and Keller,'? 
claim that a hypersensitiveness to tuberculin has been produced in nontuber- 
culous infants and animals by using conjugate antigens. On the other hand, 
there are writers who frankly dispute this claim, principally on the basis of a 
lack of the specificity of the hypersensitiveness thus produced. However, in the 
light of the more recent investigations (Chase, Lewis and Seibert, and others’ 2 
811,18) we may definitely conclude that tuberculin is a specifie antigen and that 
antibodies to tuberculoproteins are produced. By virtue of these investigations 
and the consequent conclusions, there now exists little or no doubt of the validity 
of a positive reaction to the standard cutaneous tests using old tuberculin or the 
purified protein derivitive (P.P.D.) in determining the specific hypersensitivity 
of an individual previously infected with tuberculosis. 

It should be emphasized that among phthisiologists the opinion is held that 
the duration of the allergic state is short (roughly fifteen months) unless living 
tubercle bacilli are constantly present in the body and therefore continually 
giving off tuberculin into the body system. Should the tubercle bacilli become 
extinet, a state of anergy would shortly ensue and thus the sequence of events 
characteristic of the reinfection phase tuberculosis would not constitute a danger 
until after a hypersensitivity to tuberculin should again have become established. 

The problem of a loss of the allergic state and of true positive specific anergy 
still remains rather controversial. The loss of hypersensitiveness may be a per- 
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manent or temporary state. The permanent loss of a hypersensitiveness to 
tuberculin is a gradual process. It occurs in those cases where for some reason 
all living tubercle bacilli are eliminated from the body. This can, and does 
occur in rare instances following a primary phase infection but it is strongly 
doubted that this ever occurs following a reinfection phase tuberculosis. A tem- 
porary state of positive specific anergy, more appropriately described as a period 
of desensitization, or a period of suspended allergy, may be brought about by 
the gradual or sudden injection of adequate quantities of tubereulin into the 
lymph and vascular systems. This fact has been demonstrated repeatedly and 
conclusively in laboratory animals and is known to oecur in the human being, 
especially consequent to the sudden collapse of a tuberculous lung as this takes 
place following the surgical decostalization of the chest wall, i.e., thoracoplasty. 
This phenomena has been described as autotuberculinization and has undoubtedly 
been witnessed by the majority of thoracic surgeons in certain of their patients 
following thoracoplasty even though it is highly probable that the condition 
observed was not recognized as such and that it may have been diagnosed as an 
‘‘aecute spread’”’ (Fig. 1, A and B). According to Tuttle and his associates,'® 
this reaction is one involving the union of antigen and antibody and, if severe 
enough, leads to desensitization of the host to the ordinary doses of tubereulin. 
Such patients show, by x-ray examination, evidence of an acute massive ‘‘foeal 
inflammation’’ occurring in the region of existing tuberculous foci; this reaction 
may be of such severity as to endanger life and may in some instances bring 
about the death of the patient through the loss of a large volume of oxygen- 


absorbing surface or involvement of some other vital structure such as the 


meninges. 

Within the past ten years a number of cases have been encountered in our 
clinie which, by and large, all presented a similar syndrome. However, because 
the earlier cases were not thoroughly studied, reference is being made only to 
those in which the characteristic syndrome appeared and in which the Mantoux 
test was found to be negative during the period of maximum physiologic reaction. 
All eases have occurred following thoracoplasty or extrapleural pneumonolysis. 

Although the phenomenon of autotuberculinization has probably been en- 
countered by all thoracie surgeons actively engaged in the surgery of tuberculosis, 
it is striking that so little reference has been made to it in the literature and 
that there are so many who doubt its oceurrence. 

The onset of the condition is associated with a high temperature elevation, 
which, however, is actively declining at the time the clinical symptoms and signs 
make their appearance. These symptoms and signs are characterized by varying 
degrees of apprehension, an undue blanching of the skin, followed by varying 
degrees of cyanosis, hyperpnea and dyspnea, and general prostration. The 
Mantoux test is negative and the roentgenogram shows an extensive ‘‘perifocal 
inflammation’’ around the foci of. pre-existing tuberculous implantations. In 
the more severe cases, a memory lapse which may inelude a mild delirium has 
been noted during the most critical period even though the temperature was 
‘apidly approaching a normal level at the time of this occurrence. The explana- 
tion we believe lies in the state of cerebral hypoxia in which the individual finds 
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5. 


Fig. 1.—C. K., a 40-year-old woman. 

A, Preoperative roentgenogram of patient with giant right upper lobe cavity and dense 
pleural shadow resulting from old resolved tuberculous empyema. 

B, Postoperative film of same patient illustrating typical ‘acute spread” to contralateral 
lung in ‘contrast to the type of lesion seen immediately postoperatively in Figs. 2, A, B, C, D, E, 
F, and 3, A, B, C, D._ Such lesions do not resolve spontaneously after a few weeks’ bed rest. 
This patient * progressed and died of fatal massive pulmonary hemorrhage. 
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himself. The prognosis in these cases is always grave and the earlier the onset 
(following operation, i.e., pulmonary collapse) the more severe the condition 
and the greater the danger to life. 

Tuberculous infections in the presence of tuberculin allergy characteristic- 
ally vary according to the intensity of the allergie state. This phenomenon may 
be demonstrated clearly by certain cutaneous manifestations of the infection. 
For example, lupus vulgaris exhibits all of the classical characteristics of a 
tuberculous infection of the skin and oceurs in the presence of a high degree 
of tuberculin allergy. In contrast, other tubereulids oceur in the presence of 
a low degree of hypersensitiveness and tubercle bacilli themselves are difficult 
to isolate or to find microscopically in these cases. However, in contrast to both 
of these types there is Boeck’s sarcoid, ete., which, if we acknowledge a possible 
relationship to tuberculosis, occurs in the presence of no allergic reaction to 
tubereulin, i.e., a true state of tuberculin anergy. Tubercle bacilli cannot be 
demonstrated, yet the microscopic characteristics of the lesions are identical with 
the classically described tubercle except that associated tissue necrosis is absent. 
It is interesting that as a rule this disease is self limited, but occasionally such 
a case may progress, bacilli will be found, and the subsequent course follows 
that of any reinfection phase of tuberculosis. I know of no experimental data 
that adequately attempt to explain this phenomenon. 

For a long while allergy and immunity in tuberculosis were considered 
together with no clear distinction being made between the two. However, it 
has been observed that while the invading bacilli were retained locally and killed 
in an allergie individual, this was not the result of allergy but the result of 
antibodies acting against living bacilli and, therefore, of immunity, It has 
been considered, until recently, that immunity was due to the allergy, or hyper- 
sensitiveness, to tuberculin. It is now admitted that such is not the ease, yet 
it is still difficult to separate the two for any length of time. However, Rich 
and his associates'* '* do claim to have separated the two phenomena by desen- 
sitization with tubereulin without removing immunity. Yet, again, there are 
other opinions to the effect that the allergic inflammation may operate to enhance 
the immunity by hastening and concentrating the defensive forces at the site 
of infection. Therefore, they feel, allergy must be closely related to immunity. 

While allergy, or hypersensitivity to tuberculin, is an undeniable and ever- 
present factor in clinical pulmonary tuberculosis and other manifestations of a 
tuberculous infection, one cannot escape the implication that an interrelationship 
may exist between the manifestation of allergy to tubereulin in the tuberculous 
patient, and the manifestations in the same patients to nontuberculous allergins, 
notably asthma. There is, however, a wide diversity of opin‘on on the subject. 
Some investigators believe that there is considerable interplay between the two; 
others are just as strongly of the opinion that asthma and pulmonary tuber- 
culosis are mutually exclusive. Both opinions are challenged, and with equal 
integrity, by another group of workers,'® who claim that the incidence of asthma 
among the tuberculous patients is no greater than among the population in 
general. From personal experience we could hazard the opinion that there 
seems to be considerable confusion resulting from mistaken diagnosis. In the 
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first place, asthma, pollenosis, or other allergic manifestations do occur in tuber- 
culous patients but apparently not out of proportion to their occurrence in the 
nontuberculous population. However, it is suggested that confusion apparently 
arises from the fact that symptoms of endobronchial disease, reduction of the 
size of the bronchial lumen, progressive intrapulmonary fibrosis with loss of 
vital capacity, emphysema, ete., are often not fully appreciated and, therefore, 
not infrequently misdiagnosed as ‘‘asthma.’’ In 1944, Oatway and his col- 
leagues"! reported a series of interesting findings showing a strong possible rela- 
tionship between endobronchial tuberculosis and hypersensitiveness to non- 
tuberculous antigens. According to the opinion expressed by these investigators, 
we are to assume that the presence of a hypersensitiveness to nontuberculous 
allergins constitutes a predisposing factor to the development of tuberculous 
uleerative endotracheobronchial lesions. To what extent such a hypersensitive- 
ness may influence the ultimate prognosis of these tracheobronchial lesions, still 
remains uncertain, 

It is possible that, after further clinical investigations, this report of Oat- 
way and his associates may prove to be of considerable influence and significance, 
for up to the present time the exact nature of the underlying factors determining 
the oeeurrence and course of such tracheobronchial disease still remains vague 
or undetermined. 

Irrespective of the influence of hypersensitiveness to nontubereulous aller- 
gins, it is difficult, at present, to subscribe to a theory which states that an 
extreme hypersensitiveness to tuberculin predisposes a patient to the develop- 
ment of ‘‘asthma’’ or ‘‘hay fever’’ of nontubereulous origin on the one hand, 
or to some specifie manifestation of tuberculosis on the other. To arrive at such 
a conclusion one would, among other things, necessarily imply that certain pre- 
determining inherited factors of susceptibility and immunity for both conditions 
would in some way be genetically linked, and no such relationship as yet has 
been demonstrated. 

Finally, the relationship between the degree of intensity of the allergic 
reaction of hypersensitivity to tuberculin, and the course or progress of tuber- 
culous disease in the individual, presents another quite controversial problem. 
To be sure, the type of disease is dependent upon the degree of allergy or anergy 
as we have already described, but it is a question whether the course of the 
disease is wholly dependent upon the degree of hypersensitivity. Is it not more 
likely that the manifested degree of hypersensitivity is dependent itself upon the 
course of the disease and the quantity of tuberculin discharged into the blood 
and lymph systems? 

There are certain factors inseparably interrelated in any tuberculous in- 
feetion : 


. £< ’ 


1. The degree of racial susceptibility and immunity ; 

2. The resistance or ‘‘immunologie”’’ state of the individual ; 

3. (a) The quantity, and (b) The virulence of organisms attacking the 
individual. 


Depending upon the relative strength and interplay of these factors, the 
rate of progression of the disease will differ from one individual to another. 
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Similarly, it differs from one time to another in the same individual, There- 
fore, all types of tissue reaction are encountered side by side in the same lung 
or organ of the same subject. Urbach and Gottlieb (second edition) describe 
three histologic aspects of tuberculous hypersensitivity : 


1. Progressive caseous type, which occurs when there is excess tuberculous 
antigen and only a small supply of antibodies ; 

2. The exudative form, caused by the presence of much tuberculous antigen 
and high antibody content ; 

3. Proliferative type, resulting from the reaction between a relatively small 
amount of antigen and a large supply of antibodies. 


Assuming these histologie findings are the result of such varied antigen- 
antibody ratio relationships, it becomes less difficult to explain the clinical, 
roentgenologic, and pathologie findings in a wide variety of patients including 
both primary and reinfection types. 

sy way of summary, it is justifiable to conclude that : 


1. As a result of 2 primary tuberculous infection, a state of allergy or 
hypersensitiveness to tuberculin is developed and that the cutaneous tubereulin 
tests correctly establish a patient’s hypersensitiveness to the products of the 
tuberele bacilli. 

2. There is a concomitant immunity established, but this immunity and the 
associated allergy are not inseparable. 

3. The type of the disease depends upon the degree of allergy or lack of 
allergy (anergy) present. 

4, A sudden collapse of a tuberculous lung may effect a sudden rise in the 
amount of tuberculin in the blood and lymph circulation, In consequence, there 
results a desensitization to tubereulin, i.e., autotubereulinization. 

5. During the period of autotubereulinization a marked increase in perifoeal 
inflammation around all tuberculous foci may so alter the physiologic state of 
the individual that death may ensue. 

6. There are still many controversial points in so far as allergy and tuber- 
culosis are related. 


It is likely that these differences of opinion are the product of two factors, 
the lack of thorough understanding of the science of allergy on the part of the 
phthisiologists, on the one hand, and the lack of a thorough knowledge of tuber- 
culosis on the part of the allergists, on the other. Mueh still remains to be 
learned about this most interesting and fundamentally important subject. 


CASE REPORTS 

CASE 1 (Fig. 2, 4, B, C, D, LE, F).—J. B., a 17-year-old Negro man, was admitted April 
3/ 1945, complaining of cough and expectoration. The patient stated that he was in good 
health until 1942, when a tonsillectomy was advised. The operation was planned for 
January, 1942, and a routine x-ray examination of the chest was performed, and an active 
pulmonary tuberculosis was discovered. He was eventually admitted to another sanatorium, 
May 7, 1942. An artificial pneumothorax instituted July 2, 1942, was discontinued as 
ineffectual in April, 1943. A left temporary phrenic nerve interruption was performed in 
September, 1943. During this period he developed a decided productive cough. The sputum 
was positive for acid-fast bacilli. Otherwise, he gained weight and experienced an un- 
eventful course clinically. 
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B. 


Fig. 2.—J. B., a 17-year-old Negro man. 
‘ A, Sept. 9, 1945. Preoperative roentgenogram showing extensive cavernous lesion in left. 
Note scattered nodular infiltrations in right lung (inactive for a period over one year). 

3, Sept. 26, 1945. Postoperative film taken at time patient was becoming markedly 
dyspneic, with fever subsiding, Mantoux test negative, and patient moribund. 
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EB. F. 


Fig. 2 (Cont’d).—C, Oct. 2, 1945. Film six days later. Patient showed rapid clinical im- 
provement and roentgenogram revealed marked clearing of ‘infiltrations’ noted in film of Sept. 
26, 1945. D, Oct. 22, 1945. Patient fully recovered clinically. Further absorption of infiltrations 
noted especially at base, approximately one month since onset. Note clearing on left side. £, 
Nov. 19, 1945. Further absorption of process on both sides. Clinical condition excellent. Little 
change by comparison with film of Sept. 9, 1945. F, Roentgenogram approximately one year 
after acute process. Note open cavity on left side. Patient refused further thoracoplasty 
stages. Clinical condition excellent. 
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He was admitted to this sanatorium April 8, 1945. The past history, family history, 
and occupational history were noncontributory. The physical findings and x-ray examina- 
tion here were compatible with a far-advanced pulmonary tuberculosis. He was accepted 
by the surgical service for thoracoplasty and the routine pre-operative studies were per- 
formed, 

These included the following: 

Essential laboratory findings: red blood cells 4,960,000 per e.mm., white blood cells 
10,150 per e.mm., hemoglobin 92 per cent (Sahle). Blood type IV, coagulation time 34 
minutes (Lee and White), Rh factor positive, polymorphonuclear neutrophilic leucocytes 
70 per cent, small lymphocytes 25 per cent, large lymphocytes 2 per cent, eosinophiles 1 
per cent, basophiles 1 per cent, large monocytes 1 per cent, vital capacity 2 L., urine, no 
pathological findings, sedimentation rate 20 mm. in 60 minutes (Cutler), serologic examina- 
tion for syphilis negative. Electrocardiogram and heart examination, ‘‘ Normal cardiovas- 
cular system; no contraindication to thoracoplasty.’’ Bronchoscopie examination, ‘‘No 
contraindication to thoracoplasty.’’ 

The first-stage thoracoplasty was performed Sept. 22, 1945. The usual technique was 
followed (two and one-half ribs resected) and the usual postoperative care carried out, 
including intravenous 5 per cent glucose and 500 ¢.c. whole blood. The patient experienced 
an uneventful course until suddenly, late in the evening, on Sept. 25, 1945, when he de- 
veloped an acute respiratory emergency associated with the signs of shock, pallor, and 
sweating. The skin was cold and clammy, a feeling of tightness and ‘‘collapse’’ in the 
chest was complained of and was associated with a cough and frothy expectoration. 
Physical examination revealed coarse bubbling rales throughout all lung fields. He was 
considered to be most critically ill at this time. Supportive care, including intravenous 
fluids and oxygen therapy, and one transfusion, was administered. A Mantoux test was 
performed on Sept. 27, 1945, and showed no reaction. On September 29, considerable im- 
provement was noted; this improvement continued uninterruptedly with complete recovery 
from the episode. A repeated Mantoux test was positive, plus 2, Oct. 22, 1945, first 
strength purified protein derivative. 

The patient refused further thoracoplasty stages and was finally discharged against 
advice, May 9, 1947. At that time he was in excellent condition clinically. The sputum 
was still positive for acid-fast bacilli. 


CasE 2 (Fig. 3, 4, B, C, D).—M. B., a 23-year-old white woman patient, was admitted 
with a chief complaint of fatigue and loss of weight. She gave the following clinical 
history: 

In January, 1943, her father and brother died of pulmonary tuberculosis. Because 
of this, x-ray examinations were made routinely and two small cavities were demonstrated 
in the left upper lobe. She had been completely asymptomatic up to this time. 

Artificial pneumothorax was satisfactorily established and maintained for one year, 
when the lung was voluntarily re-expanded ‘‘because the cavities were healed,’’ and the 
patient was permitted to return to work as a stenographer. She had worked for approxi- 
mately one year when she experienced a pulmonary hemorrhage of moderate severity. 
The only other symptoms experienced up to the time of this hemoptysis were pain in the 
left chest and slight cough with essentially no expectoration. X-ray examination revealed 
larger cavities present in the left upper lobe. She was now admitted to a sanatorium 
where an attempt to re-establish a pneumothorax was unsuccessful. No other collapse 
therapy was attempted. 

In February, 1945, she experienced a second hemorrhage. A left temporary phrenic 
nerve interruption was performed on Feb. 14, 1945, but this was not completely effectual 
in closing the cavities. 

On April 8, 1945, a pneumoperitoneum was established. This, too, was not effectual. 
Routine serial roentgenograms now revealed an involvement of the right lung with small 
savity formation, An artificial pneumothorax was successfully established on this side 
and the patient then was referred to this clinic for surgical collapse therapy to be directed 
against the cavities in the left lung. 














C. 


Fig. 3.—M. B., a 23-year-old woman. A, Preoperative roentgenogram. Note cavity in left 
lung, partially obscured by bony structures. Pleural symphysis precluded effectual pneumo- 
thorax. Extrapleural advised because patient refused thoracoplasty being fearful of possibility 
of resulting ‘‘thoracoplasty deformity.” B, Postoperative roentgenogram, Nov. 29, 1946. Patient 
was extremley dyspneic and definitely moribund. Both intrapleural and extrapleural pneumo- 
thorax spaces were rapidly abandoned and the lungs re-expanded to obtain all possible avail- 
able lung tissue. Mantoux test negative. C, Dec. 6, 1946. Marked improvement in the patient's 
clinical status was accompanied by marked improvement in roentgenogram, as noted on this 
film. D, Dec. 12, 1946. Roentgenogram approximately one month after onset of acute episode 
showing tremendous improvement in pulmonary condition. Circumscribed density on left side 
is due to some fluid still accumulating in extrapleural space. Lung was too well re-expanded, 
so that re-establishment of pneumothorax space could not be accomplished. 
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Essential preoperative laboratory studies were as follows: red blood cells 4,820,000 
per ¢.mm., white blood cells 10,650 per e.mm., hemoglobin 92 per cent (Sahle), polymor- 
phonuclear neutrophilic leucocytes 66 per cent, small lymphocytes 33 per cent, eosinophiles 


1 per cent. 

Blood type: Landsteiner ‘‘O,’’ Moss IV. Coagulation time, 5 minutes (Lee and 
White); serologie test for syphilis, negative; Rh factor, positive; urine, no unusual find- 
ings; sedimentation rate, 9 mm. in 60 minutes (Cutler); vital capacity, 1.3 L. (weight 
87% lb.); eleetrocardiogram and heart examination, ‘‘no contraindication to major surg- 
ical operations. ’’ 

Because of the patient’s very extreme fear of a thoracoplasty, an extrapleural pneu- 
mothorax was performed Novy. 23, 1946. The technical phase of the procedure was ex- 
ceedingly easy and quite uncomplicated. Postoperatively the patient’s course was com- 
pletely satisfactory until late in the afternoon on November 23, when she developed a 
moderate apathy and the peculiar pale appearance which we have come to associate with 
the type of condition we consider to be autotuberculinization. A Mantoux test was per- 
formed, which, after twenty-four, forty-eight, and seventy-two hours, showed no reaction 
of any kind. 

On Nov. 29, 1946, the patient had become extremely dyspneic, agitated, prostrated, 
and cyanotic. She was placed in an oxygen tent. The course thereafter, was progressively 
downhill. Intravenous fluids and transfusions were administered. Respiration became 
progressively more ‘‘choppy’’ and labored. She was frankly comatose and moribund for 
three days. On December 1, near midnight, a very slight improvement was noted. This 
was more evident the following morning. Favorable progress, thereafter, was satisfactory 
and rapid. She was allowed out of the oxygen tent at intervals on December 5, and finally 
was removed from the tent on December 6. 

This patient has essentially no memory of the events occurring during this period. 
By necessity the right lung was re-expanded, as was the left (extrapleural). The Mantoux 
tests were negative on Nov. 26, Dee. 2, and Dee. 7, 1946, and positive, plus 1, on Dec. 
27, 1946. 

We feel justified in concluding that the Mantoux reaction was positive prior to the 
operation. The patient’s course has been satisfactory since that time and she has now 
successfully undergone a second-stage, five-rib, left thoracoplasty. The ultimate prognosis 


appears good for sputum conversion and complete recovery. 


Case 3.—B. S., a 29-year-old white woman, was admitted April 21, 1943, with a chief 
complaint of cough and expectoration. The present illness dates back to February, 19438, 
when the patient developed a ‘‘cold.’’ This, she states, was associated with fatigability, 
cough, expectoration, and a ‘‘sore throat’’ so severe that swallowing was quite difficult. 
She consulted an otolaryngologist who, after examination, ordered a roentgenogram. A 
diagnosis of pulmonary and laryngeal tuberculosis was made. The patient was then 
admitted to the sanatorium. Except for pain in the left chest in 1938, the past and family 
histories were noncontributory. 

Examination of the larynx showed extensive destruction, ulceration, and distortion 
of the laryngeal structures by fibrous contraction. The examination of the chest was 
suggestive of, and compatible with, an extensive pulmonary tuberculosis involving the 
right lung. 

X-ray studies confirmed the diagnosis which was substantiated by the finding of 
acid-fast bacilli in the sputum. 

The ‘preoperative laboratory findings were essentially normal. The sputum was 
positive for acid-fast bacilli (intermittent); urine, no unusual findings; electrocardiogram 
and heart examination, ‘‘No contraindication to major surgical operations.’’ 

The patient’s course in the sanatorium was as follows: In addition to the usual 
sanatorium regimen, she underwent the following collapse therapy procedures: right 
artificial pneumothorax, May 31, 1943, unsuccessful; left phrenic ‘‘erush,’’? Aug. 10, 1944, 
unsuccessful; left phrenic ‘‘crush,’’ June 7, 1945; first stage right thoracoplasty, April 6, 
1946; second stage right thoracoplasty, May 11, 1946; third stage right thoracoplasty, 
June 15, 1946. . 
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The patient’s sputum then converted except for an occasional positive sputum. Be- 
cause of the intermittent positive sputum a revision thoracoplasty was decided upon and 
performed following a technique with slight modification, as described in another com- 
munication.5 

This operation was performed March 15, 1947. The postoperative convalescence was 
quite uneventful until late in the evening of March 19, when she progressively developed 
the characteristic symptoms of dyspnea, pallor, cyanosis, prostration, and modified delirium. 
She was placed in an oxygen tent and given supportive treatment which included intrave- 
nous fluids and transfusions. Mantoux tests were performed on March 21, March 27, and 
April 18, 1947. The last was positive (plus 1) while those of March 21 and March 27 
were negative. 

On March 28, 1947, an antihistamine substance, Benadryl, was administered and an 
immediate profound improvement was noted in the patient’s condition. Whether this 
medication contributed anything to the patient’s recovery, which was already progressing 
satisfactorily, cannot be claimed. It was, however, a rather unexpected observation. The 
oxygen tent was removed on March 30, and since that time the patient has progressed 
quite uneventfully. 


Case 4.—C. K., a 40-year-old white man, was admitted Aug. 23, 1945, complaining of 
excessive cough and expectoration. He stated that he was in excellent health until August, 
1944, when, as a result of an examination of the chest following an accident, pulmonary 
tuberculosis was discovered. He was admitted to another sanatorium soon thereafter, 
where an x-ray and sputum examination confirmed this provisional diagnosis. In December, 
1944, a right pneumothorax was established. This was followed by an improvement in 
weight, a reduction in cough and expectoration, and a bettering of the patient’s general 
clinical well-being. 

The patient later admitted that he had had a cough for several years prior to this 
injury, had noted a 15-pound weight loss, had had pleurisy in 1928, and had expectorated 
blood in August, 1944. The past, family, and occupational histories were noncontributory. 

He was admitted to this sanatorium Aug. 23, 1945. The right pneumothorax was 
maintained. It was complicated by a pleural effusion which was aspirated as indicated. 
This was necessitated only at irregular intervals as fluids accumulated quite slowly. 
Attempts to collapse the right lung effectually by pneumothorax were unsuccessful, and 
the complicating effusion unfortunately showed progress toward empyema formation. 
Repeated thoracentesis, re-expansion of the lung, and a thoracoplasty were then advised. 

The first stage was performed Oct. 27, 1945. The preoperative studies were essen- 
tially normal and revealed no contraindication to thoracoplasty. Electrocardiogram and 
heart examination showed normal cardiovascular system; bronchoscopic examination showed 
no contraindication to thoracoplasty. 

Surgical Course.—The first stage thoracoplasty was performed Oct. 27, 1945. The post- 
operative course was quite usual and uneventful until the sixth postoperative day when 
the patient complained of dyspnea, appeared slightly cyanotic, was quite apprehensive, 
pale, and somewhat confused, and was definitely in respiratory physiologic distress. Oxygen 
and intravenous fluids (5 per cent glucose and normal saline) were administered. A Man- 
toux test performed at this time showed no reaction (purified protein derivative first and 
second strength). <A positive reaction was not obtained until Dee. 2, 1945. The third day 
of the episode was the most severe and recovery was doubted. The patient was considered 
moribund but, following the third day, recovery was unusually rapid. ‘This favorable 
progress continued and the patient was allowed out of bed in preparation for the second 
stage thoracoplasty. However, he experienced pulmonary hemorrhage from the right 
(thoracoplasty) side, and a consequent .acute dissemination to the left lung. A pneumo- 
thorax was initiated successfully. The pneumothorax was maintained but this unfortunate 
sequence of events so delayed the institution of further thoracoplasty stages that war 
conditions caused a further temporary curtailment of the surgical program. As a result, 
the patient experienced a second pulmonary hemorrhage, the results of which were severe 
and progressive, and he died Aug. 31, 1946. 
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Remarks.—A complete serial x-ray series on this case was interfered with by the acute 
posthemoptysis dissemination to the left lung. However, the clinical course, the general 
reaction of this patient, and the presence of a negative Mantoux reaction and the available 
roentgenograms permit us to conclude that this case represents a bona fide example of auto- 
tuberculinization and we, therefore, feel justified in presenting it as such. 


Case 5.—F. A., a 24-year-old white woman patient, was admitted to this service March 
13, 1948, with a chief complaint of cough and expectoration. She stated that she had been 
perfectly well until October, 1939, At this time she had experienced cough, expectoration, 
loss of weight, slight dyspnea, pain in the chest, and oceasional frank hemoptysis. 

She was admitted to a sanatorium Dee. 19, 1939, where, in addition to the routine 
sanatorium regimen, she received: right artificial pneumothorax, January, 1940; left 
artificial pneumothorax, July, 1941 (ineffectual); and left phrenic nerve interruption (tem- 
porary), Aug. 31, 1941. The right artificial pneumothorax was continued successfully. 
The patient was admitted to the surgical service for left thoracoplasty, March 13, 1943. 
The first stage was performed May 11, 1943. The second stage was performed June 17, 
1943. A delay of two weeks beyond the usual three-week interval was necessitated because 
of a mild ‘‘reaction’’ postoperatively. 

The physical examination and roentgenograms were compatible with a pneumothorax 
on the right side and a giant cavity and extensive infiltrations in the left lung. 

The essential preoperative laboratory findings were as follows: red blood cells 
4,610,000, white blood cells 19,650, hemoglobin 75 per cent (Sahle). Differential: poly- 
morphonuclear neutrophilic leucocytes, 65 per cent; small lymphocytes, 22 per cent; eosin- 
ophiles, 6 per cent; basophiles, 1 per cent; transitional, 1 per cent; monocytes, 5 per cent. 
Sputum, positive for acid-fast bacilli (smear and concentrate); sedimentation rate, 32 mm. 
in 60 minutes (Cutler); vital capacity (with pneumothorax on right side), 1 L. (weight 
106% lb.); coagulation time, 3 minutes; serologie test, negative for syphilis; electro- 
sardiogram and ecardioexamination demonstrated, ‘‘no contraindication to major surgical 
operations, ’’ 

Mantoux test, June 18, 1943, was negative. The patient died just after a forty-eight- 
hour observation of this one test had been made. 

The first-stage thoracoplasty was performed May 11, 1943. Following this the patient 
experienced a period of markedly lowered clinical well-being, some dyspnea, and a moderate 
degree of prostration. Other than the usual supportive measures, including intravenous 
fluids, the only additional procedure necessary was the removal of all air from the pneumo- 
thorax side (right). The patient made a rather rapid recovery and she was considered a 
fair risk when the second stage was performed, June 17, 1943. Following this stage the 
patient returned from the operating room in good condition. Whole blood (500 ¢.e.) and 
intravenous fluids (5 per cent glucose) were administered with no immediate eventful 
occurrence. However, that night, after 11:00 p.m., the temperature rose very rapidly until 
it reached 101.8° F. the following morning at 8:00 a.M. At this time the patient did not 
show any unusual findings. However, by 2:00 p.m. on June 18, marked cyanosis, preceded 
by a decided pallor and anxiety, developed. This was then rapidly followed by an in- 
creasing dyspnea, prostration, and agitation. The temperature remained elevated and all 
other symptoms and signs progressed. The following day, June 19, they became extreme. 
Removal of all air to re-expand the collapsed lung, nasal oxygen and oxygen tent, trans- 
fusions, ete., were all administered without avail. 

The patient died June 19, at 9:40 P.M, 

Unfortunately, a post-mortem was not granted. 

This has not been proved to be a case of undeniable autotuberculinization but the 
symptoms, signs, and clinical course were so typical that it is included among those 
reported, of course, with reservations, 


DISCUSSION 


Autotubereulinization presents a profound problem, for, at present, there 
appears to be no way by which the disturbing phase of the phenomenon ean be 
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predicted preoperatively. Although two cases are not reported herein because 
of incomplete data, there is almost conclusive evidence that two of our patients 
died as a result of overwhelming autotuberculinization wherein not only the 
lungs themselves were severely affected, but where the most predominant symp- 
toms were meningeal and cerebral. We felt that in each of these cases, had the 
cerebral and meningeal symptoms (tetanic convulsions, ete.) not brought about 
the death of these patients, they would have recovered from their pulmonary 
involvement. It is possible to assume from these cases and incidents that the 
prognosis is influenced not only by the degree of the allergie inflammatory 
reaction resulting from massive tubereulinization but also by the specifie organs 
involved. 

The possibility that there was a pre-existing hypersensitivity to nontuber- 
culous allergins has been studied in the cases here presented. Several others 
not presented and only one of those presented admit to a history of “‘hay fever’’ 
or ‘‘allergy’’; namely, the ease of M. B. (pollenosis, to tall or low ragweed). 
This particular patient, incidentally, exhibited the most striking and typical 
reaction of all living patients who had autotuberculinization and yet survived. 

There is no apparent specific treatment. Oxygen therapy, intravenous fluids, 
and transfusions appear helpful. The administration of antihistaminie drugs 
might be tried on an experimental basis. We employed Benadryl on one occasion. 
The result was dramatic but whether this dramatic improvement can be 
attributed to the effect of the Benadryl is certainly open to doubt. 
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DISCUSSION 

DR. ARTHUR VORWALD, Saranae Lake, N. Y.—I should like to ask Dr, Judd, 
whether he has factual evidence of an increase in tuberculin throughout the body. I 
should like to know whether he has demonstrated excessive excretion in the urine, in the 
sputum, and in the blood of the postoperative patients whom he describes. 

DR. JUDD.—There are a great many problems in this field and a great many ques- 
tions to be answered that are of special interest to the thoracic surgeon. Dr. Vorwald 
has just presented in his question one of these which I cannot answer. I 1m sorry that 
it is impossible to say how much tuberculin is in the system and how much is excreted, 
as I am aware of no known available means‘of making such determinations. 











CYSTIC DISEASE OF THE LUNG 


J. E. Strrope, M.D., F.A.C.S. 
Honouuuu, T. H. 


HE surgical treatment of pulmonary eystie disease coincident with surgical 

diseases of the chest in general has been receiving increasing attention. 
While the condition is relatively rare, it should not be lost sight of because of 
the dramatic response to surgical intervention in most instanees. Koontz! was 
the first in the American literature, in 1925, to draw attention to this condi- 
tion and since that time numerous articles have appeared discussing various 
aspects of the disease though no one has reported any large series of cases. At 
the Mayo Clinic, over a ten-year period previous to 1947, Moersch and Clagett? 
reported forty-four cases of the bronchiogenie type verified by surgical inter- 
vention. This is the largest series that I have found in the literature. 

There has been a great deal of confusion though mueh discussion regarding 
many aspects of this disease. It is frequently difficult or impossible to deter- 
mine whether or not a given cyst (or cysts) is congenital or acquired and what 
relationship it may have to some other pulmonary lesion such as bronchiectasis 
or lung abscess. 

As Naclerio and Langer*® pointed out, the term cystic disease of the lung 
has been used to designate various pulmonary lesions such as congenital pul- 
monary eyst, eystie bronchiectasis, epithelized cavities following pulmonary sup- 
puration, pneumatocele (localized alveolar or lobular ectasia), chronic inter- 
stitial pneumonitis with emphysema, emphysematous bullae, and pulmonary 
blebs. They defined pulmonary cysts as a pathologie entity that includes ab- 
normal localized distentions of the various portions of the tracheobronchial tree 
and other discrete saes originating from the interstitial portion of the lung. 

Klosk, Bernstein, and Parsonnet* defined cystic disease of the lung as any 
condition in which the lung or parenchyma is replaced by sharply defined eavi- 
ties containing fluid or air. Moersch and Clagett? used the term ‘‘ pulmonary 
eyst’’ to indicate all those abnormalities of the pulmonary tissue in which eysts 
or eystlike structures of the lung or bronchi are found regardless of their patho- 
genesis exclusive of such specific entities as tuberculous cavities, parasitic cysts, 
carcinoma of the lung that has undergone cavitation, and ordinary pulmonary 
abseess. Mediastinal cysts are also not included. Their designation that all 
pulmonary eysts can essentially be divided into two chief types—-first, those that 
originate from the bronchial tree and, second, those that are alveolar in origin— 
seems logical and has the distinct advantage of simplicity. 

Bronchiogenie cysts (Figs. 2, 7, 12, 13) are characterized by their walls 
being made up of elements of the bronchus—namely, cartilage, smooth muscle, 
elastic tissue, and mucous glands—and are lined by cuboidal or columnar epithe- 
lium which may or may not be ciliated. These cysts may contain fluid, pus, 
blood, or air alone or in combination. 


From The Clinic, Honolulu. 
Received for publication Feb. 24, 1948. 
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Alveolar cysts, on the other hand, do not possess an epithelial lining but 
are lined by alveolar cells (Fig. 17) that are compressed together to form the 
wall and they always contain air. 

This classification seems adequate and will be adhered to in this discussion. 

Probably the vast majority of cystic lesions involving the lung give rise 
to no symptoms and only some complicating factor draws attention to their 
presence. This may result from: 


1. Infection. 

2. Hemorrhage. 

3. Air becoming trapped in the eyst, causing it to inerease to sufficient 
size to produce embarrassment of the cardio-respiratory mechanism. 

4. Rupture of the eyst wall, resulting in simple or tension pneumothorax 
with or without empyema. 


Undoubtedly all cysts or cystlike structures are connected with a bronchus. 
This connection may be perfectly evident when the cyst is within the lung 
parenchyma and apparently has arisen within a bronchus, but this communi- 
cation with the bleb and bullous-like structures arising on the surface of the 
lung may be difficult or impossible to demonstrate. Only by serial microseopie 
study have some observers been able to demonstrate this connection. If there 
were not some communication between bronchus and eyst these bleb-like strue- 
tures would not continue to distend with air and would ultimately collapse from 
air absorption for they rarely contain fluid. This communication with a 
bronchus invites infection. In twenty-two surgically treated patients reported 
upon by Dickson, Clagett, and MeDonald,° all but three were infected. In the 
bullous type of cyst, arising in the subvisceral pleural areas, infection is less 
prone to occur, undoubtedly because of the small communication with a bron- 
chus. 

Hemoptysis in varying degree is frequently observed. Ten of the twenty- 
two cases just mentioned presented this complication. Usually only a blood 
tinged sputum is noted but the bleeding may be exsanguinating. 

When the eyst communicates with a bronchus by way of a valvelike mecha- 
nism so that on inspiration air is drawn into the cyst and on expiration the 
air cannot escape, the eyst will increase in size to a greater or lesser degree with 
corresponding collapse of the associated lung and shift to the opposite side 
of the mediastinal structures. Dyspnea and cyanosis may, and frequently does, 
result but it is surprising to what an extent this may take place without pro- 
ducing appreciable symptoms as was the case in one of our patients. 

When the eyst wall ruptures, pneumothorax results which may produce 
respiratory difficulty particularly if it is of the tension type. If the eyst is 
infected, empyema will result and many cases of this type have been treated 
without the nature of the primary lesion being suspected. Needless to say, un- 
less the cyst is adequately dealt with, a successful outcome is not to be expected. 


SYMPTOMS 


With this brief outline of the pathologie aspects of the disease, the symp- 
toms that are produced are not difficult to anticipate. 
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When the cyst or cysts are small and uncomplicated no symptoms are to be 
expected and a diagnosis, if ever made, will be accidental and on the basis of 
x-ray interpretation. 

When infection occurs, and this is prone to take place when the cyst has 
an open connection with a bronchus, the symptoms are those of recurring 
pneumonia or pneumonitis, chronie bronchiectasis, or pulmonary abscess with 
associated cough, fever, chills, expectoration of purulent sputum, and leucoey- 
tosis. When a blood vessel is eroded or ruptured, hemoptysis is added to the 
picture. With inereasing size of the evsts the lung will be compressed or de- 
stroyed and the patient will then become dyspneie and cyanotic with increasing 
degree as the lesion progresses. As previously stated, rupture of the cyst may 
give rise to tension pneumothorax or empyema. Pain apparently is not an 
outstanding feature of the lesion but may oceur, particularly if there is an in- 
flammatory involvement of the pleura. 


DIFFERENTIAL DIAGNOSIS 

A correct diagnosis of pulmonary eystie disease may be extremely difficult 
or impossible to make without surgical exploration. Keeping the possibility of 
such a lesion in mind will go a long way toward arriving at a correct interpre- 
tation of the picture. As might be expected from the symptoms produced, 
a diagnosis of pulmonary tuberculosis is probably the most.common error made. 
Lune abseess, bronchiectasis, spontaneous pneoumothorax, empyema, carcinoma 
of the lung, substernal thyroid, and various mediastinal tumors may all come 
up for consideration. 

DIAGNOSIS 

As stated, the history of pulmonary eystie disease contains no characteristic 
symptoms and neither does the physical examination. The most important in- 
vestigation in these cases is, of course, by x-ray study of the chest. This is 
frequently confusing though at times quite diagnostic. If the cyst is filled with 
fluid its true nature can only be surmised; when the eyst is empty the diagnosis 
may be evident. 

Large solitary cysts frequently oceur in very early childhood and they 
are characterized by large areas of radioluceney (ig. 8) and may or may not 
show fluid. They are frequently traversed by linear strands of trabeeulation 
without any evidence of pulmonary markings. When these cysts are ballooned 
out by high intereystie pressure (Fig. 14) as is most likely to occur in the 
alveolar type, the picture resembles that of pneumothorax. The lung is com- 
pressed and there is greater or less shifting of mediastinal structures to the 
opposite side. 

When the lung contains many eysts, it is characterized by a honeyeombed 
(Figs. 1, 2, 3) appearance, with radiolucent areas of varying sizes. An im- 
portant characteristic of pulmonary eystie disease is that the lesion or lesions 
are usually confined to one lobe or a segment of a lobe and that there is little 
or no inflammatory change in the adjacent lung or pleura. Bronchography may 
be of aid in determining the nature of the pulmonary lesion, particularly if 
the eyst has a sufficiently large connection with a bronchus to permit its visual- 
ization. 
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At times it is difficult even impossible, to determine whether or not a given 
lesion is in the mediastinum or within pulmonary tissue. Introducing air into 
the pleural cavity, particularly if no adhesions are present, may be of distinct 
value in determining this point. 

Bronchoscopy offers little in the diagnosis of cystic disease but it may be of 
value in ruling out or affirming an intrinsic bronehial lesion such as neoplasm. 

Measurement of the intraeystie pressure before and after aspiration of 
air may or may not be of value in differentiating between a cyst and a localized 
pneumothorax. If the eyst is connected with a bronchus no decrease in pres- 
sure following aspiration of air will oeeur, while a distinct reduction is to be 
expected in localized pneumothorax. If the eyst is of the alveolar type with 
minute bronehial connection this differentiating evidence probably will not be 
manifest. Introducing iodized oil directly into the cyst will outline its wall, and 
strands of tissue traversing the cyst may be well visualized and be of distinct 
aid in diagnosis. Some observers consider the visualization of these strands to 
be pathognomonie of the presence of eystie disease. Puncturing such eysts is 
not without danger because of the possibility of infecting the pleural cavity 
or of producing tension pneumothorax. Thoracoscopy has the same inherent 
dangers and probably does not add enough additional information to justify 
its use. 

As Maier and Haight® and others have pointed out, the differential diag- 
nosis between large infected solitary evsts and empyema is at times extremely 
difficult, even impossible, to make preoperatively and the true nature of the 
lesion, even at operation, may not be recognized. With the present infre- 
quency of empyema following pneumonia due to the use of antibioties, this 
problem is less frequently encountered. 

In eystie disease in contrast to the picture produced by empyema, the out- 
line of the cyst is more likely to be spherical. Regardless of the length of time 
of infection there is usually little reaction either in the pleura or surrounding 
pulmonary tissue. Strands of pulmonary tissue are frequently seen traversing 
the cyst and cysts may be evident in other parts of the lung. ; 

At operation, lack of pleural reaction is noted and the cyst wall is typically 
shiny, smooth, and glistening in contrast to either an empyema or abscess cavity 
where the pleura is thick and the wall of the cavity is edematous and granular. 
If doubt exists as to the true nature of the lesion a biopsy of the wall should 
be made since the presence of ciliated epithelium leaves no doubt as to the 
correct diagnosis. . 

Maier and Haight® have found that if the condition is not recognized and 
is treated as an empyema, a striking feature in the postoperative course is the 
failure of the cavity to diminish progressively in size despite adequate drain- 
age for months or years. The cavity tends to retain its spherical form; the 
pleura shows relative lack of thickening, and the diaphragm is not elevated to 
the extent that oceurs in empyema. The discharge from the cavity of a 
drained eyst is mucoid and less purulent than that from an empyema. 

All individuals whose eystie disease produces symptoms should in all 
probability be subjected to surgery if they are physically fit. In individuals in 














STRODE: CYSTIC DISEASE OF LUNG 409 


whom the disease is more or less found accidentally during the course of a 
routine examination, this advice may be open to argument. Serious complica- 
tions, as previously mentioned, may occur, and some observers are of the opin- 
ion that malignancy is prone to take place in the eyst wall. The surgeon is 
usually spared the responsibility of making the decision by the patient’s re- 
fusing any operative intervention, if he is asymptomatie. 


CASE REPORTS 

CASE 1.—A Japanese girl, aged 13 years, first came under observation on Oct. 29, 
1945. The patient’s illness had began two months previously with fever, sweats, productive 
cough of thick mucopurulent sputum, and on one occasion she expectorated a small amount 
of bright red blood. When 3 or 4 years of age, the patient developed pneumonia followed by 
pus in the left side of the chest which had been drained surgically. During the recent 
illness she had been hospitalized by her family physician who had made a diagnosis of left 
lung abscess and treated her with penicillin for several weeks without improvement. Re- 
peated examination of sputum had shown no tubercle bacilli. 

On physical examination there was dullness to percussion in the left lower part of the 
chest with absent breath sounds. X-ray pictures of the chest showed a large cavity with a 
fluid level which occupied the lower half of the lung field (Figs. 4 and 5). 

The patient had lost considerable weight and had a daily temperature of 99° to 100° F. 
It was thought best to drain the abscess cavity, which would also permit a certain amount of 
investigation of the lesion as an aid in determining the future course to pursue. Accordingly, 
on Nov. 2, 1945, portions of the eighth and ninth ribs in the axillary area were resected and 
the cavity entered through adherent pleura.* The cavity contained thick pus. Its walls were 
smooth and velvety and gave the appearance of a cyst rather than a lung abscess. 

The patient made satisfactory improvement following the drainage operation and three 
months later the left lower lobe which contained many cysts of varying size was removed 
(Fig. 6). The patient’s postoperative course was prolonged by the development of an 
empyema but she made a good recovery and has since remained well. 

Pathologic Report —The specimen, consisting of the left lower lobe of the lung, con- 
tained several large cystlike structures, the largest of which measured 6 cm. in diameter. On 
section these cystlike structures were found to be dilated bronchi which were thickened in 
some areas and thinned in others. The surrounding lung tissue showed areas of atelectasis 
and emphysema. Histologic examination of the lung showed a typical bronchiectatie process 
which represents a chronic inflammatory reaction, moderate fibrosis, cystic dilatation of 
bronchioles, and chronic compensatory emphysema (Fig. 7). 


CASE 2.—J. M., a 244-month-old baby girl, was first seen at The Clinic on March 27, 
1940. The patient had been well until the past two weeks, when the parents noticed that she 
was having increasing respiratory distress. Breathing had become rapid and shallow and 
the patient cyanotic. Examination revealed hyperresonance to percussion over the left side 
of the chest with absent breath sounds. Heart sounds were best heard to the right of the 
sternum, X-ray view of the chest showed the left pleural cavity devoid of lung markings 
with displacement of the heart and other mediastinal structures to the right (Fig. 8). It 
was thought that the patient was suffering from either cystic disease of the lung, spontaneous 
pneumothorax, or a large diaphragmatic hernia. Barium by mouth and per rectum revealed 
nothing suggesting a hernia. Aspiration of 275 ¢.c, of air from the left side of the chest 
caused no change in the patient’s symptoms or x-ray findings. Under local anesthesia, a 
mushroom catheter was inserted into the chest and subsequent x-ray studies showed that the 
catheter had entered a pulmonary cyst but that there were other much larger cysts that 
were still distended. Some improvement in the patient’s condition occurred but this was not 


*Operation by Dr. Burgess. 
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Fig. 4. Big: 5. 


Figs. 4 and 5 (Case 1).—Cyst involving left lower lobe of lung partially filled with fluid and 
mistaken for lung abscess. 








Fig. 7. 
Fig. 6 (Case 1). 
bronchiogenic type. 
Fig. 7 (Case 1).—Photomicrograph of cyst wall showing A, pseudostratified columnar 
epithelium; B, bronchial cartilage; C, emphysema; D, fibrosis. 


Left lower lobe of lung removed at operation, filled with cysts of 
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lasting so the catheter was removed after four days and the patient’s respiratory distress 
and eyanosis were relieved by intermittent aspiration of air from the cysts. The patient’s 
general condition was extremely poor from the beginning so that any major operative inter- 
ference scarcely seemed justified, and various supportive measures did not improve the 
situation, as might be expected. Two weeks following attempt at relief of intrathoracic 
pressure by catheter drainage, it was decided that more radical measures were in order 
because the cysts had become infected and the patient’s condition was, to say the least, not 


improved. 





Fig. S (Case 2).—Large solitary cyst (bronchiogenic type) involving the left lower lobe, 
completely filling the left pleural cavity, and displacing mediastinal structures markedly to the 
right. 





Fig. 9 (Case 2).—Photograph of left lung removed at operation; upper lobe at left. 


Under local anesthesia, the sixth rib was resected and the left lung, containing the 
cysts, easily delivered and removed (Fig. 9).* Since there were no adhesions between the 
cysts and the parietal pleura, it was easier to remove the whole lung than the involved lung 


*Operation by Dr. Burgess. 





THE JOURNAL OF THORACIC SURGERY 


Fig. 10. Pie, i. 
Fig. 10 (Case 3).—X-ray view of chest showing dense shadow in left lower chest (atelec- 
tasis or fluid). 
Fig. 11 (Case 3).—Bronchogram of left lower lobe showing dilated bronchi (bronchio- 
genic cysts). 


Fig. 12 (Case 3).—Photomicrograph of cyst wall -lined with columnar epithelium. Lung 
parenchyma has been destroyed and replaced by fibrous tissue containing many small blood 
— (A), lung bronchioles (B), and mucus glands (C). There is-much lymphocytic infiltra- 

on. 
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lobe. The chest was drained. The patient did well for the first four postoperative days. The 
respiratory embarrassment and accompanying cyanosis were relieved. However, she again 
became cyanotic and x-ray study showed an increasing shadow about the heart and a 
diagnosis of pericarditis was substantiated by pericardial aspiration. 

The patient died on the seventh postoperative day and autopsy revealed marked purulent 
pericarditis cultures from which showed pure Staphylococcus aureus. 

Sections of the cyst showed it to be lined with ciliated columnar epithelium and the 
walls were typical of the bronchiogenie type. 


Case 3.—V. S. was a 13-year-old Chinese girl. Except for pneumonia at the age of 
2 years the patient was well until the age of 7, when she ‘‘caught cold’’ and developed a 
cough accompanied by spiking fever which lasted for three months. After this time the 
history was one of repeated prolonged head colds with cough productive of mucopurulent 
sputum, associated with low-grade fever, One year previously the tonsils and adenoids had 
been removed and following this the symptoms had been aggravated, with pain in the left 
side of the chest at intervals. At the time of examination and for several days previous to 
surgery, while hospitalized, the temperature varied between 99° and 100° F. 

Physical examination revealed coarse and fine rales over fhe left lower chest in the 
axillary region and posteriorly. There was dullness to percussion over the base of the lung 
on the left. Sputum examinations for tubercle bacilli were negative. X-ray view of the 
chest showed a dense shadow in the region of the left lower lobe due to either atelectasis or 
fluid, and bronchograms showed bronchiectasis involving the left lower lobe (Figs. 10 and 
BD}. 

Previous to surgery, postural drainage was attempted but was unsuccessful. For forty- 
eight hours before operation the patient was given 20,000 units of penicillin every four hours. 
At operation on June 15, 1946, the left lower lobe and lingula were removed. The lingula 
was completely atelectatic but contained no bronchiectasis or cysts. The lower lobe con- 
tained many dilated bronchi (cysts) filled with mucopurulent fluid, the largest of which 
measured 8 cm. in diameter. There were focal areas of atelectasis, dilated and thickened 
bronchioles, and multiple miliary abscesses (Fig. 12). 

The patient made a good recovery and has since remained well. 


Case 4.—J. M., a 26-year-old white man, was first seen at The Clinic* on Sept. 9, 


1938, with a history of intermittent mild hemoptysis of two years’ duration, X-ray and 
fluoroscopic study of the chest revealed cloudiness in the region of the right middle lobe, 
the nature of which was in doubt. Tuberculosis was suspected but no evidence to support 
this suspicion could be elicited. The cloudiness in the right side of the chest gradually 
cleared up but the patient continued to have frequent bouts of colds associated with cough 
and expectoration of bloodstreaked sputum. In the early part of 1948 while living on 
another island the patient developed moderate exertional dyspnea without other symptoms 
and, following x-ray examination, he was told that he had a collapsed left lung. Findings 
from a bronchoscopic examination at this time were reported to be negative. 

In December, 1946, the patient was again hospitalized* because of an upper respiratory 
infection. X-ray study of the chest at this time suggested that the patient had a spontaneous 
collapse of the left lung possibly associated with cystie disease. 

A needle was introduced into the left chest and pressure readings ranged from plus 
5 em.-of water to minus 5 em. of water, and this did not change after withdrawal of 300 
e.c. of air and finally 500 ec. It was felt at this time that the needle was in communication 
with a bronchial fistula, whether by way of the pleural cavity or by way of a cyst seemed 
debatable. From subsequent findings at operation the needle undoubtedly was within a eyst. 

The x-ray pictures showed strands of what was thought might be adhesions between 
the collapsed lung and chest wall, With the idea in mind that possibly an adhesion might 
be a contributing factor in keeping open a bronchopleural fistula and, if so, severing it 
might be advantageous; that we might be able to see the fistula, if present, and that if we 


*By Dr. Doolittle. 








Pig, 23: Fig. 14. 
Fig. 13 (Case 4).—Roentgenogram of chest showing collapsed left lung with little displace- 


ment of mediastinal structures. The lower cyst wall has been outlined following introduction 
of 100 ¢.c. of blood into cyst. 


Fig. 14 (Case 4).—Photograph of largest cysts removed at operation. 





Fig. 15 (Case 4).—Drawing illustrating condition found at operation, showing two large 
cysts (alveolar type) arising from the upper lobe. Both lobes of the lung collapsed from pres- 
sure by the cysts. 

Fig. 16 (Case 4).—Photomicrograph of cyst wall (alveolar type) showing (A and B) thin 
membrane of proliferated alveolar cells, (C) atelectatic and anthracotic lung, and (D) fairly 
normal-appearing lung parenchyma. 
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were dealing with cystic abscess of the lung this might be determined, a thoracoscopy was 
done. 

The thoracoscope, which was introduced anteriorly above the nipple in the second 
interspace and also in the axillary area in the third interspace, undoubtedly entered directly 
into the large bullous cavity that was subsequently found at operation. No adhesions that 
were amenable to cauterization were visualized and no fistulous communication with a 
bronchus could be found. The fact was not appreciated that the thoracoscope had entered 
a tremendous alveolar type of cyst. It was still believed that probably a tension pneumo- 
thorax was being dealt with which had completely collapsed the lung and that failure of the 
lung to re-expand was due to a pleural fistula remaining patent. With the hope of setting up 
a pleural reaction that might be productive enough to aid in closing a small bronchial fistula, 
100 e.c. of the patient’s own blood in 5 ¢.c. of sodium citrate was introduced into the left 
chest. Roentgenogram following this procedure, it was felt, definitely outlined a cyst wall 
(Fig. 13) and it was decided that exploration of the chest was indicated. 

On Jan. 13, 1947, the chest was explored through a lateral incision, resecting the 
seventh rib. 

Two immense cystlike structures filled with air and several smaller ones were found, 
completely filling the left chest (Figs. 14 and 15) and arising from the left upper lobe. Both 
lobes were completely collapsed, being compressed against the mediastinal structures, Un- 
doubtedly these bullous structures simply represented visceral pleura that had been lifted up 
from the lung and continued to distend with air by a ball valve mechanism communicating with 
bronchioles. Where these cystic structures were attached to the lung there was no wall— 
simply compressed alveoli. No gross communication with bronchi was visible. These bullae 
were easily removed and the areas of denuded lung were sewn over with atraumatice chromic 
catgut. No lung tissue was sacrificed. It was gratifying to see how completely the lung 
distended and filled the entire chest under positive pressure through the intratracheal tube, 
even though it had been collapsed for a period of four years. Microscopic study confirmed 
the diagnosis of alveolar type of cyst (Fig. 16). 

The patient made an uneventful postoperative recovery. Subsequent x-ray studies 
showed the lung completely expanded and the patient to date (one year postoperatively) has 


remained well. 


This case illustrates how little discomfort the patient may experience from 
eystie disease of the lung even though complete collapse of a lung takes place. 
This undoubtedly was due to the insidious progress of the disease and io the 
small amount of mediastinal displacement that took place. This is also a good 
example of how completely a lung will re-expand after being collapsed for years 
so long as no infection has oceurred to produce pleural thickening or inflamma- 
tory reaction in the lung parenchyma. 


DISCUSSION 

It is evident from a perusal of current literature and from our limited 
experience that the clincial entity of pulmonary eystie disezse even when pro- 
ducing symptoms frequently remains unrecognized. This is largely due to the 
relative infrequeney of the disease and the clinicians’ corresponding lack of 
acuity in bearing the possibility in mind. Since the lesion commonly ceccurs 
in infaney and early childhood, the onset of dyspnea and cyanosis in the ab- 
sence of a cardiac lesion to account for those symptoms should arouse one’s 
suspicions regarding pulmonary cystic disease. At any age spontaneous pneu- 
mothorax or x-ray findings indicative of this condition should suggest such a 
possibility. Patients with hemoptysis in whom tubercle bacilli are constantly 
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absent from the sputum and whose x-ray pictures are atypical should be care- 
fully studied with the possibility of eystie disease in mind. 

All patients in whom a diagnosis of empyema is made, particularly those 
who do not give a typical history of previous pneumonia, should be carefully 
scrutinized for the possibility of cystic disease as an etiological factor. Lack of 
the usual pulmonary and pleural reaction around a suspected lung abscess or 
empyema or other suspected inflammatory lesion of the chest should arouse one’s 
curiosity as to the possibility of eystie disease. An adequately drained lung 
abscess or empyema that does not respond well should be explored and the wall 
of the cavity biopsied to rule out cystic disease. 

After all is said and done, the fact remains as evidenced by reports from 
many outstanding chest clinics, that pulmonary cystic disease masquerades 
under the guise of many other diseases and that even in the hands of those 
most competent the true nature of the lesion may long go undiagnosed. Bear- 
ing in mind the possibility of this condition being present will go a long way to- 
ward preventing a mistaken diagnosis. 

It is particularly desirable to diagnose these lesions correctly because of 
such gratifying results to be expected from surgery. It is mandatory that some 
of the more acute cases be recognized quickly for any therapeutic measure to 
be life-saving. 

ADDENDUM 

Since this paper was prepared, two additional patients with pulmonary cystic disease 
have come to surgery. One, a 13-year-old boy with cysts of the bullous type involving the 
left lung and causing respiratory embarrassment, made an uneventful recovery following 
pneumonectomy. The second, a 16-year-old Japanese girl, who had been under observation 
for several months with an increasing shadow in the right upper apex, came under my care 
after the cyst had ruptured into the pleural cavity. Following the subsidence of this acute 
episode, she made an uneventful recovery following removal of the right upper lobe. This 
represented the bronchiogenie type of pulmonary cystic disease. 
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GLOMUS TUMOR OF THE MEDIASTINUM 


G. V. BRINDLEY, JR., M.D. 
TEMPLE, TEXAS 


OOD,' in 1812, made the original clinical description of glomus tumors 

but Masson,” * in 1924, was the first to describe accurately the normal 
glomus and to indicate the relationship between this structure and the glomal 
tumor. Since these original descriptions, relatively few cases have been re- 
ported. These tumors occur most frequently in the extremities and I have 
found no report in the literature of a glomus tumor of the mediastinum. 

The normal glomus consists of several component parts, the afferent 
arteriole; the anastomotic vessel or Souquet-Hoyer canal; collecting veins; 
numerous, nonmedullated nerves; and the reticular supporting structure of the 
glomus. 

Popoff* reported that the glomus is absent at birth but develops rapidly 
postnatally and begins to undergo atrophy around 60 years of age. Apparently 
the normal function of the glomus is to assist in the regulation of heat in the 
body and control of blood pressure. Heat control is probably the main function. 

The glomal tumor represents a benign hyperplasia of ali the elements in the 
normal glomus. Distribution as to sex has been about equal and tumors have 
been reported in patients from 1 to 80 years of age. 

Tumors of the neuromyoarterial glomus are small in size, varying from a 
few millimeters to 3 em., and their color is usually purple or deep red. These 
lesions oceur rarely in Negroes and some’® feel they are more frequent in Jews. 
The etiology of glomus tumors has not been established, although some ob- 
servers report a 40 to 50 per cent incidence of trauma prior to the development 
of the tumor of the glomus. 

Pain is the outstanding symptom and is usually spontaneous or easily 
induced by slight pressure. Most of the recorded cases have a history of rather 
severe painful crises with radiation of the pain. 

Glomus tumors are considered benign and I have not found any report of 
a ease in which metastasis has occurred. These lesions are radioresistant and 
neither x-ray nor radium has been successful in their removal. Due to the 
benign, localized nature of the lesion, complete surgical excision is the ideal 
treatment and results in a permanent cure. 

I wish to present a report of a patient who had glomus tumors removed 
from the mediastinum and the right lower extremity with complete relief of 
symptoms. 

CASE REPORT 

A 29-year-old white woman entered the Clinic Feb. 10, 1947, with the chief complaint 
of pain in the right lower part of the chest for nine years. The pain was always present 
but not constant in severity. It was sharp and associated with paroxysms of rather severe 
pain, requiring sedation for relief. Coughing or motion increased the discomfort and heat 


seemed to lessen it. 


Received for publication Aug. 23, 1948. 
From the Department of Surgery of the Scott & White Clinic. 
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Fig. 1.—Glomus tumor of mediastinum. Intercommunicating vascular spaces surrounded 


Fig. 2.—Glomus tumor of mediastinum. MHyalinized fibrous tissue and nerve fibers sur- 


Fig. 3.—Glomus tumor of the leg. Glomus cells in collagenous reticulum surround- 
vascular spaces. (X440.) 

Fig. 4.—Low-power view of glomus tumor of leg, showing large vascular spaces, glomus 
(x<160.) 
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Past history revealed that in 1945 this patient had a tumor approximately 1 em. in 
size removed from the right groin. This lesion was quite tender, rounded, and purple in 
color; she was told that it was a hemangioma. In January, 1947, she developed several 


other similar tumors on the right lower extremity, extending from the mid-thigh to the 
ankle. 


Fig. 5.—Marked thickening of arterial walls at the periphery of the glomus. (X160.) 


Fig. 6.—Artists’ illustration of the glomus tumor of the mediastinum and four glomus tumors 
of the leg. 
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Physical examination revealed extensive mottling and pigmentation of the skin of the 
right chest wall from heat. Hyperesthesia was present over the right thoracic seventh to 
twelfth dermatomes. There were four rounded, purple, elevated, tender masses on the right 
lower extremity. These were all approximately 1 em. in size. Two were on the thigh, one 
just below the knee, and one near the ankle. 

Laboratory tests, including urinalysis, complete blood count, Mazzini serology test, 
spinal fluid examination, myelograms, and dorsal spine x-ray views were normal. Chest 
roentgenograms revealed a soft area of increased density originating close to the spine, in 
the posterior mediastinum, extending from the eighth to the tenth dorsal vertebrae. 

On March 13, 1947, an exploratory thoracotomy was performed. When the left pleural 
cavity was entered, a tumor, approximately 5 by 3 em. in size, was visualized just lateral 
to the eighth dorsal vertebra. The pleura overlying the tumors was incised and the tumor 
removed. It was apparently attached to the eighth intercostal nerve. Subsequently, the 
tumors from the right lower extremity were also removed. 

The gross and microscopic appearance of the tumor removed from the mediastinum 
and those removed from the leg were identical and diagnosed by the pathologists as glomus 
tumors. Several prominent pathologists* in this country studied the tissues and all con- 
curred in the diagnosis of probable glomus tumors. 

Microscopie examination under the low-power objective showed the tumor to be en- 
capsulated by connective tissue. The central portion consisted of intereommunicating vascular 
spaces lined by large cuboidal endothelial cells. Near the vessels were the large clear 
epithelioid cells, or so-called glomus cells. Surrounding the vascular spaces and among the 
glomus cells were numerous nonmedullated nerves. A fibrocollagenous reticulum formed the 
supporting structure for the tumors. 

The patient’s convalescence was uncomplicated and there has not been recurrence of 
either the tumors or pain. 

CONCLUSIONS 


1. Glomus tumors are benign hyperplasias of the normal constituents of 
the glomus. 

2. These tumors occur most frequently in the extremities but may occur 
elsewhere in the body. 

3. Due to the benign, localized nature of glomus tumors, complete surgical 
excision is the ideal treatment and results in a permanent cure. 

4. Glomus tumors are radioresistant and radiation therapy is not effective. 

5. A report has been given of a patient who had a glomus tumor of the 
mediastinum and similar tumors from one lower extremity removed with com- 
plete relief of symptoms. 

6. A review of the literature did not reveal a previously reported case of 
a glomus tumor of the mediastinum. 
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ABSTRACTS OF PAPERS READ AT THE TWENTY-NINTIT ANNUAT, 
MEETING OF THE ASSOCIATION FOR THORACIC SURGERY 
AT NEW ORLEANS, LA., MARCI 29, 30, AND 31, 1949 


1. THE SURGICAL CORRECTION OF CONSTRICTIVE PERICARDITIS. EmMiLe HoLMAn, 
M.D., San Francisco, Calif. 


In 265 reported operations for constrictive pericarditis, 21 deaths occurred on the op- 
erating table, 49 deaths occurred in the early postoperative period, 118 patients were con- 
sidered cured, and 44 patients improved. 

Although the thickness of the diseased pericardium varies considerably in different 
areas, a satisfactory and adequate pericardiectomy must include excision of the pericardium 
over the left ventricle, over the right ventricle and auricle, and over both venae cavae. The 
inferior cardiac border must be liberated by excision of the usually greatly thickened peri- 
sardium lying between the heart and the diaphragm. Failure to relieve constriction of the in- 
ferior vena cava may result in failure to correct ascites. Persistence of ascites following peri- 
sardiectomy is evidence of an inadequate decortication and demands reoperation and removal 
of more sear, rather than an omentopexy or Talma operation. 

To achieve the exposure necessary for an adequate inspection and decortication of the 
heart, a median sternotomy with transverse division of the sternum in the second interspace 
is recommended. The sternum is reapproximated by several stainless steel sutures inserted 
through bone, not through avascular cartilage. 

The wound should be drained, preferably into the right pleural space, from which the 
fluid can be removed either by aspiration or by intercostal drainage. (Paper illustrated by 
motion picture of three decortications—12 minutes. ) 


2, A METHOD FOR EXPOSURE OF THE CARDIAC SEPTA. F. D. Dopritt, M.D., 
Detroit, Mich. 


A method has been used experimentally by which the chamber of the heart, either the 
right atrium or the right ventricle, is opened, the septum exposed for short intervals, and the 
incision closed. An instrument has been made which consists of a ring clamp on the distal 
end. The clamp is used to bring the lateral walls of the atria in apposition to the septum. 
The incision is made within the ring, which excludes the circulation from this area. Portions 
of the atrial septum have been excised and the defect closed. The exposure of the ventricular 
septum is more difficult but has been accomplished with the same instrument. 


3. THE CHOICE OF THE SIDE FOR APPROACH IN OPERATIONS FOR PULMONARY 
STENOSIS. Conrap R. Lam, M.D., Detroit, Mich. ; 


The experience to be presented was gained in 42 operations on 41 patients with pul- 
monary stenosis. Blalock operations or attempts were carried out on 34 patients. Two of 
five failures to complete the operation were due to inability to approximate the right sub- 
clavian and pulmonary arteries. One of these patients subsequently had a successful modified 
Potts operation on the left side; an anastomosis was created between the lower branch of the 
pulmonary artery and the descending aorta. There were two deaths from hemorrhage follow- 
ing completed Blalock operations on the right side in which technical difficulties due to short 
subclavian arteries had been encountered. This experience has led us to follow the suggestion 
of Holman and plan all Blalock operations for the left side if the patient has a left heart, 
regardless of the position of the aortic arch. Twelve of fifteen patients operated upon since 
that decision was made have had left arches; all had good results and in no case was it neces- 
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sary to sever the pulmonary artery proximal to the anastomosis in order to gain additional 
length. 

The Potts procedure was. planned for 10 patients, mostly small children. The operation 
was successful in 5 patients with left arches and in 2 with complete dextrocardia. The right 
approach was used with complete satisfaction in the latter. However, difficulties were en- 
countered when this approach was used in 3 patients with right arches. In 2, the Potts op- 
eration had to be abandoned because the aorta and pulmonary artery could not be approx- 
imated and unsatisfactory subclavian-pulmonary anastomoses were substituted. In the third, 
a poor aortic-pulmonary shunt was made with great effort, but the child died. It is believed 
that Blalock operations on the left side would have been preferable. 

In our hands, the best results have been obtained when the operative approach is on 
the side of the apex of the heart, regardless of the age of the patient or the position of the 


aortic arch. 


4. THE SURGERY OF MITRAL STENOSIS. Dwicut E. HARKEN, M.D., Boston, Mass. 


The surgery of mitral stenosis is oversimplified when merely resolved to a discussion of 
regurgitation versus stenosis, 

It has been found that (1) the heart must not be dislocated from the position of optimum 
function; (2) the direct surgery of the mitral valve is more readily accomplished by approach- 
ing the valve from above, through the auricle; (3) certain types of stenosis are better tol- 
erated than others; (4) the heart rate alters the severity of the given lesions. 

On the basis of these facts, different types of surgical procedures have been devised for 
different clinical and pathologic categories of patients: 


1. Patients in whom the mechanical obstruction due to the stenotic valve is the out- 
standing feature. In these patients, cardiac output is low and does not go up with 
exercise. It seems logical to treat these by valvuloplasty, that is, enlarging the mitral 
orifice by cutting away the commissures. This allows some possible return of fune- 
tion with a minimum burden of added regurgitation. 

2. Patients who suffer from marked mitral regurgitation. The clinical symptoms here 
are predominantly due to pulmonary hypertension, with the aggravating effect of 
tachycardia causing frequent episodes of pulmonary edema -(or, as we term it, pul- 
monary decompensation). These patients have a normal cardiae output that can 
increase with exercise. Interatrial septal defects have been created in 2 patients to 
decompress the left auricle and pulmonic bed during periods of stress. 


w 


-atients so debilitated that they cannot be considered for direct cardiac manipulation 

and those who have episodes of tachycardia that produce pulmonary edema (pul- 
monary decompensation). Here, cervicodorsal sympathectomy may maintain a slower 
pulse rate and also eliminate various cardiopulmonary reflexes that may play a part 
in the production of pulmonary edema, 


A plea is made that patients be selected and evaluated before and after operation by 
critical, objective methods, including cardiac catheterization. : 

This report comprehends a study group of 20 patients, to date, of whom 5 have been 
treated surgically. There has been 1 surgical death. 


5. SURGERY OF MITRAL STENOSIS. Cuarues P. Barney, M.D., F.A.C.S., and (by invita- 
tion) Ropert P, Guover, M.D., M.Sc., Anp Tuomas J. E. O’NeEtLu, M.D., Philadelphia, 
Pa. 


A. Historical Review 


B, Modern concept of pathology and possibilities of altering the changes. This embraces 
the various shunt operations: (1) azygos vein-pulmonary vein anastomosis, (2) per- 
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foration of the interauricular septum, and (3) production of a tricuspid regurgita- 
tion. It also considers the various operations upon the mitral valve: (1) simple 
dilatation, (2) cutting across the valve cusps, (3) excision of a portion of the valve 
ring (simple), and (4) directed excision of the valve (valvuloplasty) and (5) com- 
missurotomy under direct digital control. 


Presented are 10 cases of commissurotomy for mitral stenosis, 1 case of digital dilata- 
tion of the valve, and 1 case of opening of the interauricular septum. Discussion of failures 
-and successes will be directed toward better selection for surgery and better technique and 


management, 


6. COMPLETE FAILURE OF STERNAL FUSION WITH HERNIATION OF PERI- 
CARDIUM. Herpert C. Maier, M.D., New York, N. Y., AND FRANK BortTone, M.D., 
Jersey City, N. J. 


A case of complete lack of fusion of the entire length of the sternum with herniation 
of the pericardium is reported. The congenital defect was successfully corrected by surgery 
in infancy. The importance of performing the operation very shortly after birth is well illus- 
trated by our case. 

The embryologic development of the sternum is reviewed briefly. The relationship of 
cleft sternum and ectopia cordis is discussed. 

Due to the lack of rigid thoracic cage at the site of the sternal defect, considerable para- 
doxical motion may occur with resultant respiratory and cardiocirculatory difficulty. If only 
a partial cleft sternum or a narrow sternal fissure is present, symptoms may be absent. 


7. ANGIOCARDIOGRAPHY AND AORTOGRAPHY IN THE DIAGNOSIS OF CON- 
GENITAL CARDIOVASCULAR LESIONS. Tuomas H. BurrorpD, M.D., and (by in- 
vitation) MERL J. Carson, M.D., AND WENDELL G. Scort, M.D., St. Louis, Mo. 


With the development of the tautography by one of our group (W. G. 8.), the tech- 
nique of cardiovascular visualization has become an invaluable and extremely accurate method 
of diagnosis in congenital lesions of the heart and great vessels. The intravenous injection 
of Diodrast by this technique serves admirably to elucidate the type of deformity present in 
the heart. Retroarterial injection has proved equally valuable in clarifying anomalies of the 
aorta and its immediate branches. 

The valuable procedure of cardiac catheterization is limited in application. The very 
young subjects in whom diagnostic difficulties are most commonly encountered have not been 
suitable subjects for catheterization in our experience. It is in this group that visualization 
is of the greatest value. 

The procedure is of further value in that it affords accurate, preoperative evidence of 
operability or inoperability in certain lesions, particularly coarctation of the aorta. 

A relatively large experience is reviewed, with a description of the techniques and an 
appraisal of the results. (Lantern slides and a 5 minute colored movie.) 


8. THE ROLE OF ANGIOCARDIOGRAPHY AND VENOGRAPHY IN MEDIASTINAL 
AND PARAMEDIASTINAL LESIONS. Oster A. Aspport, M.D., and (by invitation) 
Tep F. LeigH, M.D., and Witi1AM A, Hopkins, M.D., Atlanta, Ga. 


This presentation discusses the role which may be played by the use of Diodrast visu- 
alization in evaluating mediastinal and paramediastinal tumors. The use of the angiocardio- 
gram constitutes the main point of discussion, but the role of Diodrast visualization of the 
innominate veins and superior vena cava is also discussed. The value of this technique in 
lesions of vascular origin is easily appreciated. Its value in nonvascular lesions is also 
stressed, 
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Unusual cases are presented, which emphasize the need for this method of investigation 
in the majority of mediastinal lesions. A case of congenital massive aneurysm of the superior 
vena cava is ineluded in the presentation, and the successful method of operative correction 
presented. The importance of angiocardiography in different projections is also considered. 


9. RESPIRATORY ACIDOSIS DURING THORACIC SURGERY. HrNry K. BrErcurr, 
M.D., and ANNA J. Murpuy, B.S. (by invitation), Boston, Mass. 


Abnormality in the blood gases (too low oxygen, too high carbon dioxide) is a common 
cause of disaster during thoracic surgery. Procedures in anesthesia must be designed to pre- 
serve these gases within normal limits. Our anesthesia practices are given with studies of the 
arterial blood in some 40 patients during transpleural thoracic surgery. 


10. BLOOD VOLUME CHANGES IN TUBERCULOUS PATIENTS TREATED BY 
THORACOPLASTY. FRANK F. ALLBRITTEN, JR., M.D., and (by invitation) HERBERT 
LipsHuTz, M.D., BERNARD J. MILLER, M.D., and JOHN H. GIBBON, JR., M.D., Phila- 
delphia, Pa. 


A rising pulse rate and falling blood pressure have occasionally required the discon- 
tinuance of a stage of thoracoplasty in patients with pulmonary tuberculosis. This occurs 
more commonly in patients with far-advanced bilateral disease and in the second and third 
stages of thoracoplasty. Although blood lost at operation was adequately replaced it occurred 
to us that an unrecognized diminution in circulating blood volume could account for these 
symptoms. It was conceivable that these chronically ill patients had a diminished blood 
volume on admission to the hospital and that there was an additional unrecognized blood 
loss into the operative wound between stages. The following study was made in order to 
obtain pertinent data. 

Observations were made on 10 patients with pulmonary tuberculosis treated by thoraco- 
plasty. All had seven-rib thoracoplasties. The plasma volume was determined by the method 
of Gibson and Evelyn. The blood volume was calculated from this figure and the hematocrit. 
The blood lost during each stage of thoracoplasty was measured by weighing sponges before 
and after use, and this estimation was compared with the difference in circulating blood vol- 
ume before and after operation. The blood lost between the stages of thoracoplasty was taken 
as the difference between the blood volume at the completion of one stage and the blood vol- 
ume immediately preceding the next stage. 

With one exception, all patients in this series had a diminished blood volume prior to 
thoracoplasty, computing normal volume from surface area by the method of Gibson and 
Evans. 

The operative blood loss during the first stage was found to be almost twice as much 
as that occurring at the second and third stages; averaging 832 c¢.c. in the first stage, and 
480 ¢.c. and 397 ¢.c. in the second and third stages, respectively. 

A significant decrease in the circulating blood volume was found to occur in the interval 
between stages. Between the first and second stages the decrease in blood volume averaged 
428 ¢.c. and between the second and third stages it averaged 445 c.c. Some of the decrease 
in blood volume between stages has been attributed to the extravasation of serosanguineous 
fluid into the large wound space which is created after the upper three to five ribs are re- 
sected. With the completion of a seven-rib thoracoplasty, the scapula drops in to obliterate 
this space. 

Patients with arrested disease following thoracoplasty regained and maintained a nor- 
mal circulating blood volume. ! 

These measurements indicate the advisability of restoring a normal’ circulating blood 
volume preceding a surgical procedure in patients with pulmonary tuberculosis, as well as ade- 
quate replacement of blood during operation and between stages of a thoracoplasty. 
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11. PULMONARY CIRCULATION AND ALVEOLAR VENTILATION—PERFUSION 
RELATIONSHIPS AFTER PNEUMONECTOMY. A CourNAND, M.D., and (by in- 
vitation) R. L. Ritey, M.D., A. HIMMELSTEIN, M.D., and R. AusTRIAN, M.D., New York, 
IN; ¥. 


Fourteen patients ranging in age from 14 to 72 years were studied after pneumonec- 
tomy. The time since pneumonectomy was less than seven months in 6 cases and from two to 
eleven years in the remaining 8 cases. The preoperative diagnoses included chronic pul- 
monary suppuration, tuberculous bronchial stenosis, and carcinoma of the bronchus. 

The pulmonary blood flow and pulmonary arterial pressure were measured at rest in 8 
eases and following exercise in 4 cases, using the technique of cardiac catheterization. The 
correlation between ventilation and perfusion was studied in all 14 eases by recently developed 
techniques which involved the determination of pCO2 and pO2 in the arterial blood and the 
calculation of alveolar gas tensions. On the basis of these measurements it is possible to 
estimate the proportion of mixed venous blood which fails to pass through normally ventilated 
alveoli and to estimate the proportion of inspired air which fails to reach normally perfused 
alveoli. In all cases the studies were supplemented by the measurement of lung volumes, 
maximum breathing capacity, ventilation, and gas exchange as previously reported. 

Although the dynamics of the pulmonary circulation at rest were but slightly altered 
even in cases studied several years after pulmonary resection, there was invariably a signifi- 
cant degree of pulmonary arterial hypertension during moderate exercise. This finding is in 
contrast with observations in normal individuals during much more severe exercise (Am. J. 
Physiol. 152: 372, 1948). Since the blood flow through the remaining lung during moderate 
exercise exceeded the flow through each lung of normal individuals during severe exercise, it 
cannot be stated whether the rise in pulmonary arterial pressure was due to pathologic changes 
in the pulmonary vascular system or to the inability of the normal vascular bed of one lung to 
accommodate an unusually large blood flow. The relationships between alveolar ventilation 
and alveolar perfusion were normal in 6 cases. In the remaining 8 there was evidence of per- 
fusion of poorly ventilated areas and/or ventilation of poorly perfused areas. There was no 
consistent correlation between these changes and (a) the type of disease prior to pneumonec- 
tomy, and (b) the presence or absence of a thoracoplasty. In the older age group moderate 


emphysema invariably developed with evidence of ventilation of poorly perfused areas. 


12. THE SURGICAL MANAGEMENT OF CHRONIC ‘‘SPONTANEOUS’’?’ PNEUMO- 
THORAX. LyMAN A. BREWER, III, M.D., FRANK 8. DoLLEy, M.D., and (by invitation) 
Byron H. Evans, M.D., Los Angeles, Calif. 


A series of cases of chronic and recurring ‘‘spontaneous’’ pneumothorax is presented. 
‘«Symptomatic’’ pneumothorax occurring with well-established pulmonary disease secondary to 
trauma, pulmonary abscess, infarct, tuberculosis, and lung tumors has been excluded.  Al- 
though there is a great controversy concerning the etiology of ‘‘spontaneous’’ pneumothorax, 
from the practical point of view we recognize three main conditions as causing the vast ma- 
jority of these cases: (1) congenital cysts, occurring most often in-infants and children; (2) 
pulmonary vesicles, secondary to localized subpleural pulmonary and bronchiolar sears oe- 
curring in young adults; and (3) blebs or bullae of emphysema found in middle-aged or older 
persons suffering from a more generalized form of pulmonary emphysema. Most cases of 
acute ‘‘spontaneous’’ pneumothorax can be successfully treated by conservative methods, 
which include bed rest, oxygen, and the adjustment of the intrapleural pressures to allow for 
the sealing off of the pulmonary aperture and the gradual expansion of the lung. 

Chronic ‘‘spontaneous’’ pneumothorax presents a more difficult therapeutic problem. 
Surgical methods are indicated because conservative measures have failed. With surgery, 
maximum pulmonary function is restored and chronic invalidism prevented. 

The causes of the persistence of the pneumothorax are sometimes difficult to demonstrate. 
Most often, however, the etiologic factor is one of three mia conditions: (1) intrapleural 


9? 


adhesions, which exert a ‘‘guy wire’’ effect on the lung, hoiding it on a tension so that the 
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lung cannot collapse sufficiently to allow the pulmonary opening to close; (2) fibrosis about 
the opening in the lung or a congenital lesion lined by bronchial epithelium; (3) the formation 
of a pleural membrane as the result of the organization of fibrin deposits secondary to a 
pleural effusion. Because of the nature of the pathologie processes, we believe that the in- 
troduction of irritating substances into the pleural cavity to produce a violent pleuritis is con- 
traindicated. The surgical measures we have employed include: (1) closed catheter pleural 
drainage; (2) phrenie paralysis; (3) thoracoscopy with internal pneumonolysis; and (4) 
open thoracotomy. Open thoracotomy permits the most complete and definitive attack to the 
problem, for at this operation four essential techniques may be employed: (1) complete pneu- 
monolysis; (2) surgical closure of the pulmonary opening; (3) resection of pulmonary eyst 
or bleb regardless of the type; (4) decortication of the collapsed lung. This subject has 
received little attention in medical literature. The authors wished to present their experience 
with the surgical management of 15 cases. The indications and results of the various surgical 
techniques are discussed and evaluated. 


13. SEGMENTAL RESECTION IN PULMONARY DISEASES. J. MAXWELL CHAMBER- 
LAIN, M.D., New York, N. Y., and (by invitation) COMMANDER THOMAS C, RYAN, U.S.N. 


One hundred segmental resections were done for tuberculous (25 per cent) and non- 
tuberculous (75 per cent) pulmonary lesions. The standard technique first suggested by 
Churchill was used in the majority of cases. The bronchus serving the diseased segment is 
defined and divided. Gentle traction on the bronchus soon discloses the companion vessels 
and the artery is ligated first. Only the tributaries to the vein are ligated, however, since it 
has been pointed out that the veins serve adjacent segments. 

The indications for segmental resection in bronchiectasis are well known, but segmental 
resection in acute putrid lung abscess is usually contraindicated. However, after chemotherapy 
or surgical drainage of a lung abscess, a state of indolent chronicity may be reached and in 
such cases segmental resection becomes a sound surgical solution. The indications for seg- 
mental resection in tuberculosis are not well established, but it would seem that the small, 
discrete, isolated focus such as a tuberculoma or a small thick-walled inspissated cavity are the 
two types of lesion most vulnerable to resection of a segment. 

In comparison with the removal of a lobe, the operating time and complications are 
moderately increased. Further, the postoperative care is more complicated and demands 
great vigilance. The results, however, seem to justify the continued use of this procedure. 
Although when only one segment of a lobe remains and this segment is a small one, a lobee- 
tomy may be the procedure of choice. 

The various methods of segmental resection will be discussed and- typical cases with 
bronchospirometric¢ studies will be presented. 


14. RESECTION OF PULMONARY SEGMENTS—DETAILS OF TECHNIQUE AND 
RECENT RESULTS. RicHarp H. OvERHOLT, M.D., Francis M. Woops, M.D., and (by 
invitation) BEATTY H. Ramsay, M.D., Brookline, Mass. 


The operative procedure of segmental resection of the lungs has now matured. Nearly 
all the technical difficulties have yielded to improvements in technique until now it can be 
demonstrated that empyema, bronchopleural fistula, and difficulty with re-expansion of the 
remaining lung are uncommon and unexpected complications. It is our purpose to record 
the difficulties that have been encountered and to show how each may be best avoided. De- 
tailed technical steps of the operation will be illustrated. Brief reference will be made to the 


use of segmental resection in pulmonary malignancy and tuberculosis. Finally, a report will 
be given on the postoperative course in all the segmental resections carried out during the 
past six months, during which time technical maneuvers and management have remained 
unchanged. 
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15. BRONCHOLITHIASIS. Herbert W. Scumipt, M.D. (by invitation), O. THERON 
CLAGETT, M.D., AND JOHN R. McDona.p, M.D., Rochester, Minn. 


The subject of broncholithiasis has been of interest to the medical profession for 
centuries. It has been said that the subject interested Aristotle some three hundred years 
B.c. In spite of this fact, we could find only 78 cases reported in the English medical litera- 
ture up to 1948. 

We should like to report 42 cases of broncholithiasis in our experience. In 14 of these 
cases, the broncholith was removed at the time of bronchoscopy. In 3, it was impossible to 
remove the stone at the time of endoscopic examination but the involved bronchus was dilated 
and the stone was coughed up immediately following the examination. Ten patients had 
pulmonary resections for indeterminate lesions which were proved to be due to broncholiths. 
The rest of the patients in this series had the history of having coughed up single or multiple 
stones. The clinical, bronchoscopic, pathologic, and surgical aspects of broncholithiasis are 
discussed. 

Broncholiths will be diagnosed with increasing frequency at the time of exploratory 
thoracotomy performed because of indeterminate pulmonary lesions. In this group it will 
usually be necessary to carry out a resection of a portion of the lung because primary 
bronchiogenic carcinoma in most instances cannot be excluded. Because of the pathology 
involved, we believe that as small an amount of lung tissue as possible should be resected at 
the time of surgery. 


16. THE RESULTS OF SURGERY IN BRONCHIECTASIS. AprtaAn LAMBERT, M.D., New 
York, N. Y. 





The series representing an analysis of 106 consecutive operations on 103 patients for 
bronchiectasis, with and without acute suppurative disease, and involving one or two lobes 
and an entire lung, is offered from the Chest Division of Bellevue Hospital during the years 
1939 to 1945. Cases in which tuberculosis was demonstrated in the specimen removed have 
been omitted from this series. Similarly, cases in which the primary disease process was a 
lung abscess have not been included. The mortality in bronchiectasis with and without sup- 
puration in one or two lobes and involving an entire lung is analyzed. The postoperative 
complications have been related to the operative technique and to the existing pathology in the 
specimen removed and the incidence of sputum related to the mortality in the four groups. 
The results include a follow-up of 78 of the 91 survivals that were followed over an average 
period of four years. These have been classified according to the original pathology at the 
time of operation, according to associated sinus disease and bronchiectasis, and according 
to postoperative residual stumps and the development of tuberculosis. 


17. THE SURGICAL TREATMENT OF BILATERAL BRONCHIECTASIS. FRepERIcK G. 
KErRGIN, M.D., Toronto, Canada. 


Fifty-eight patients have been treated surgically for bilateral bronchiectasis at the 
Toronto General Hospital and Hospital for Sick Children, Toronto. Of these, 27 have had 
unilateral operations and 31 have had staged bilateral resections. 

This group of patients has been subjected to 94 excision operations with 4 deaths, all 
following the second side of a bilateral resection. By attention to certain technical details, 
which are described, it has been possible to reduce the hazards of treatment. The last 18 con- 
secutive bilateral resections have been completed without mortality. 

The results of treatment in relation to relief of symptoms and effect on exercise tolerance 
are discussed. Eighty-three per cent of the patients who have had bilateral resection are 
symptom free and the remainder improved. 


In this series partial lower lobectomy with preservation of the superior segment was 
done 13 times. The results of this procedure are described. 
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18. MEDIASTINAL ‘‘TUBERCULOMA’’—SURGICAL REMOVAL IN FOUR PATIENTS. 
Paut C, SAMSON, M.D., AND (by invitation) BRIGADIER GENERAL LEONARD HEATON, 
U.S.A., AND Davip J. DuGAN, M.D., Oakland, Calif. 


The searcity of information in the literature concerning tuberculomas of the mediastinum 
prompts this report. Four patients have been subjected to surgery. The correct diagnosis was 
unsuspected in all prior to exploration. Various preoperative diagnoses were entertained: 
dermoid tumor; bronchiogenic cyst; intrapulmonary cyst; aneurysm. One patient was asymp- 
tomatic. In the others, symptoms ranged from vague thoracic discomfort to severe cough 
and dyspnea because of partial tracheal obstruction. 

The tuberculin test was repeatedly negative in one patient and was positive only in 
1-100 dilution in another. Tubercle bacilli were not recovered from any of the specimens. 
Pathologically, there were caseation, epithelioid tissue, and multinucleated giant cells. 

The discussion will include consideration of certain problems. (1) Are these ‘‘tumors’’ 
always due to tuberculous infection or may other organisms cause the pathologic picture? (2) 
What steps may be taken preoperatively to establish more certainly a diagnosis of ‘‘Tuber- 
culoma’’? (3) When exploratory operation in a patient without symptoms reveals a caseo- 
granulomatous mass, should it be removed? 


19. PREUMONECTOMY FOLLOWED BY IMMEDIATE THORACOPLASTY. (By  in- 
vitation) RouAnp K. Iverson, M.D., AND H. L, SKINNER, M.D., NEw York, N. Y. 


Pulmonary resection is rapidly assuming its proper place in the treatment of pulmonary 
tuberculosis. Amazing progress has been made in this field of surgery but certain complica- 
tions arise from time to time which happens in any new, radical procedure. In order to 
circumvent these complications it has become routine practice in most thoracic clinies to follow 


pneumonectomy by one or two stages of thoracoplasty. 

It is our opinion that it is still better to do a thoracoplasty immediately following 
pneumonectomy in certain selected cases. In doing the thoracoplasty the transverse processes 
and posterior rib stumps are not resected. The first rib is left in place and occasionally the 
second is left in place. We have been particularly impressed with the benign postoperative 
course. (Report of cases with lantern slides demonstration.) The procedure has the follow- 


ing advantages: 


1. Necessity of only one operation 

2. Prompt obliteration of pleural cavity to lessen the danger of bronchial fistula 
and empyema 

. Avoidance of mediastinal displacements 
A more effective coughing mechanism present in the immediate postoperative 


period 


20. FUNNEL CHEST AND ALLIED THORACIC CAGE DEFORMITIES. Cartes W. 
LESTER, M.D., NEw York, N. Y. 


A congenital shortening of the anteroposterior measurements of the diaphragm com- 
monly produces a funnel chest deformity but may also produce other deformities of the thoracic 
cage associated with the funnel deformity or existing separately. These allied deformities 
consist, for the most part, of abnormal depressions, either unilateral or transverse, or abnormal 
protrusions of one or more ribs. During the past five years numerous thoracic cage de- 
formities of diaphragmatic origin have been observed and 27 have been operated upon. 
Modifications of the procedures described by Brown have been employed for the funnel 
deformities. The others have required individualized operations. This experience has pro- 
duced certain concepts regarding etiology, selection of cases for surgery, optimum age for 
operation, type of operation to be employed, complications, and results. These are discussed. 
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. AN EXPERIMENTAL STUDY OF THE BLOOD SUPPLY OF THE ESOPHAGUS 
AND ITS RELATION TO ESOPHAGEAL RESECTION AND ANASTOMOSIS. 
JOHN SKEK, M.D. (by invitation), CARLOS PRiETTA (by invitation), WM. M. TuTTLE, 
M.D., AND E. J. O’Brien, M.D., Detroit, Mich. 


The esophagus of dogs was mobilized from the mediastinum and portions were resected. 
The cut ends were then anastomosed by using interrupted sutures of fine silk in two layers. It 
was likewise possible to remove the esophagus from behind the aorta and anastomose it in 
front of the aorta. 

These experiments were carried out with much of the blood supply to the esophagus 
ligated. In spite of this healing oceurred regularly. 

Injection studies were made of the esophageal blood supply under various conditions, 
and it becomes evident that the supply is much better than has been generally thought. 


22. THE TREATMENT OF SHORT ESOPHAGEAL STRICTURES BY RESECTION AND 
END-TO-END ANASTOMOSIS. WittiaM M. TurtLe, M.D., AND J. C. Day, M.D., 
Detroit, Mich. 


It has long been thought that end-to-end anastomosis of the esophagus was not a safe 
or feasible procedure. 

Within the past two years 6 patients, ranging in age from 1 to 70 years, with short 
esophageal strictures have been treated by resection of the stricture either completely or by 
a wedging type of resection and the normal ends reunited by interrupted sutures in two 
layers. 

There has been a good functional result in each patient. In no instance has the 
anastomosis leaked. 


23. ACQUIRED NONMALIGNANT ESOPHAGOTRACHEOBRONCHIAL FISTULAS. 
FRANK PuHiLirp CoLEMAN, M.D., AND GeorRGE H. BUNCH, JR., M.D. (by invitation), Rich- 
mond, Va. 


Malignant lesions account for the majority of acquired communications between the 
esophagus and tracheobronchial tree. The nonmalignant fistula may be caused by trauma, 
tuberculosis, syphilis, esophageal diverticula, and pyogenic and fungus infections. Frequently, 
the underlying pathologic process cannot be ascertained at the time of operative closure of the 
fistula. The hopeless prognosis of bronchiogenic and esophageal cancer associated with 
esophagotracheobronchial fistulas and the infrequency of acquired nonmalignant communica- 
tions between the esophagus and tracheobronchial tree have resulted in the accumulation of 
meager experience in managing this distressing complication of trauma and infection. To the 
7 case reports in the English literature of operative closure of esophagorespiratory fistulas, 
the authors have added 4 successful cases. The clinical features, preoperative care, problems 
of anesthesia, and surgical technique are emphasized. (Motion picture illustrating surgical 
technique. ) 


24. THE COMBINED ABDOMINAL AND RIGHT THORACIC APPROACH TO LESIONS 
OF THE MIDDLE AND UPPER THIRD OF THE ESOPHAGUS. Epwarp M. KENT, 
M.D. AND SAMUEL P. HARBISON (by invitation), Pittsburgh, Pa. 


Following Ivor Lewis’ lead, a traumatic stricture of the upper two-thirds of the 
esophagus was successfully treated by resection and esophagogastrostomy through the right 
thorax in August, 1947. The ease with which the entire esophagus to the top of the thorax 
may be resected by this approach logically led to the development of the method for malignant 
disease. The operation is necessarily done in two stages, performed one week apart or at the 
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same time. The abdomen is opened first and exploration carried out. If no metastases are 
present, the stomach is carefully divested of its entire blood supply save for the right gastric 
and right gastroepiploic arteries. Dissection is carried to the esophagus itself and one inch or 
more of this organ is freed up. In markedly debilitated patients who have complete obstruc- 
tion, a jejunostomy may be established before closing the abdomen. 

At the second stage the right thorax is entered posterolaterally by resection of a suitable 
rib. If operable, the lesion is mobilized widely after ligation of the azygos vein. The 
stomach is then delivered after enlarging the esophageal hiatus, resection is carried out, and an 
esophagogastrostomy accomplished. The principal advantage of the right approach lies in 
the absence of the aortic arch on this side; dissection does not have to be performed beneath 
it; and the resulting anastomosis, whether above or just below the arch, is not angulated as is 
the case on the left. Details and pitfalls of the method are described. It is believed that a 
better salvage of patients with esophageal malignancies will be obtained by this more direct 


approach to the lesion. 


25. FURTHER OBSERVATIONS ON PACKING OF MEDIASTINUM FOR ESOPHAGEAL 
VARICES. Joun H. Gariock, M.D., AND Max Som, M.D. (by invitation), New York, 
INS. 


The authors submit a supplementary report on the original paper published in the 
Journal of the American Medical Association for Nov. 8, 1947, at which time they reported 
2 eases accorded this therapy. The idea is based on the supposition that by establishing a 
large area of granulation tissue external to the muscular layer of the esophagus at a distance 
removed from the seat of the varices there will develop a collateral circulation which will be 
outside of the esophagus, thereby taking the load off the venous pressure in the esophageal 
varices which lie in a submucosal position. On the basis of an experience with 10 cases 
there would seem considerable justification for this procedure before the surgeon should con- 
sider the more extensive and more dangerous operation of portacaval shunt or splenorenal vein 
anastomosis. The authors will report in detail the history of 10 patients, the longest follow- 


up being seven years. 


26. PULMONARY ALVEOLAR ADENOMATOSIS. H. Bropig STEPHENS, M.D., AND 
SipNEy J. SHIPMEN, M.D., San Francisco, Calif. 


Pulmonary alveolar adenomatosis, or jagziekte disease, has awakened increasing medical 
interest as the condition has been recognized in human beings. Long recognized as an endemic 
disease of sheep it has now been found to affect human beings more and more frequently. 
Nevertheless, until 1947, only 12 authentic cases were on record, only one of which was 
diagnosed prior to death, the case:of Pierson, Holman and Wood, in which the diagnosis was 


made at operation. 
In the case reported herewith it was possible to make the diagnosis before surgery, to 


confirm it by lobectomy, and to bring about apparent cure. 


. PLASTIC RECONSTRUCTION OF TUBERCULOUS BRONCHOSTENOSIS WITH 
DERMAL GRAFTS. Pau. W. GEBAUER, M.D., Honolulu, Hawaii. 


28. PULMONARY RESECTION OF METASTATIC MALIGNANCY. Hawtey H. SEILER 
(by invitation), O. THERON CLAGETT, M.D., AND JOHN R. McDONALD, M.D., Oteen, N. C. 


. BRONCHOGENIC CARCINOMA—PART I, A PATHOLOGICAL CLINICAL STUDY 
OF FULL-SIZE MOUNTS FROM OPERATED CARCINOMA. F. J. PHILLIPS, M.D., 
AND (by invitation) CLain E, Basinger, M.D., anp W. E. Apams, M.D., Chicago, IIl. 
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BRONCHOGENIC CARCINOMA—PART IT. THE CORRELATION OF PATHOLOGIC 
CHARACTERISTICS AND CLINICAL MANIFESTATION IN UNRESECTABLE 
AND UNEXPLORED POST-MORTEM LUNG TUMORS. Georce M. BogGarpus, 
M.D. (by invitation), W. E. ApAMS, M.D., AND F. J. PHILLIPS, M.D., Chicago, III. 


The controversy among clinicians and pathologists regarding the pathogenesis of primary 
carcinoma of the lung stimulated us to make and study full-sized mounts of representative 
cross sections of all tumors of the lung removed. An attempt was made to correlate the type 
of tumor, the site of the tumor, and the size of the tumor with the clinical manifestations 
as demonstrated by history, physical and radiologic and bronchoscopic examinations, and 
findings at exploration. The cell type has been studied in its relationship to the site and size 
of the tumor, the rate of growth, the extension into contiguous tissues, and metastases to other 
organs. Of the 40 cases thus studied, 27 were found to be of squamous cell type with or with- 
out pearl formation and 13 exhibited both epidermoid and adenocarcinoma. 

A similar study was made of 36 nonresectable tumors and 36 unexplored cases in which 
tumors were found at autopsy. Of the nonresectable group, approximately one-half were of an 
undifferentiated cell type. The other one-half were of a nonkeratinizing squamous cell variety. 
Of the tumors studied from autopsy specimen, 15 were adenocarcinoma, 14 were undif- 
ferentiated cell, 6 were epidermoid, and 1 was a mixture of adeno- and squamous cell car- 
cinoma. Illustrations of these factors are presented and their significance discussed. 


30. THE MANAGEMENT OF CHYLOTHORAX. Ricuarp H. MEADE, JR., M.D., JEROME R. 
Heap, M.D., AND CHESTER W. MoEN, M.D. (by invitation), Grand Rapids, Mich. 


Although chylothorax is often associated with an incurable disease, or with severe injury, 
it may occur as a result of mild trauma. In most instances, untreated chylothorax results in 
death. Experimental work and clinical experience have proved that the thoracic duet can be 
safely ligated. Anatomie studies show that there is a wide variation in its gross structure, and 
that there may be only one duct, or there may be a number of minute ones. Chylothorax can 
be cured by ligation of the thoracie duct, but it may also be controlled at times by repeated 
aspirations, or by suction drainage. A general discussion of the anatomy of the duct, and of 
the physiologic effects of its ligation will be given. Three cases will be reported illustrating 
different etiological factors, and different, successful methods of treatment. Chylothorax 
should rarely be fatal if recognized in time and properly treated. 


31. THE SURGICAL TREATMENT OF ROUND TUBERCULOUS LESIONS (TUBER- 
CULOMATA),. CoLONEL Hugo W. Manon, M.C. (by invitation), AND CoLONEL JAMES 
H. Forsre, M.C., Denver, Colo. 


This paper deals with a group of 35 patients treated by pulmonary resection, either 
lobectomy or wedge-shaped excision, for so-called tuberculomata at Fitzsimons General Hos- 
pital. The clinical manifestations were generally characterized by minimal symptomatology 
and the solid-like found shaped lesion was often detected by routine x-ray examination of the 
chest. The similarity to other lesions, in particular coccidioidomycosis and neoplasms, is 
discussed. In approximately 80 per cent, exploratory thoracotomy was necessary as an aid 
in diagnosis but a positive diagnosis was not established until histopathologic and bacteriologic 
examinations were completed. The pathology of this lesion is discussed in detail including 
a correlation of the radiologic appearance with the gross and microscopic pathology. The 
hazards of considering this lesion as benign or arrested tuberculosis are emphasized. Our 
policy of management after operation has been largely determined by bacteriologie and 
histopathologic findings. Those patients in whom tubercle bacilli were demonstrated were 
advised to follow a period of hospital management of six to twelve months or longer. Those 
patients in whom tubercle bacilli were not demonstrated in the tuberculoma and in whom 
daughter tubercles were absent and who had no other lung pathology were returned to military 
duty or to their normal activities in approximately three months after operation. A follow- 
up study of these patients is presented. 
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32. TRANSTHORACIC THYROIDECTOMY. Hersert D. AdAMs, M.D., Boston, Mass. 


Intrathoracic goiter may be defined as goiter in which the goitrous mass lies in the 
mediastinum entirely below the level of the superior thoracic strait. At the Lahey Clinic 
nearly 28,000 patients with goiter have been operated on and hundreds of these goiters have 
been classified as being truly intrathoracic by these criteria. Practically all of these, many 
of tremendous size, have been removed satisfactorily by the cervical route. This has been 
technically possible chiefly by a maneuver described by Lahey of evacuation of the necrotic 
and colloid central portions of these masses, thereby permitting the capsular portions to be 
delivered from the mediastinum, This has been technically feasible and satisfactory in by 
far the majority of cases. However, there have been three cases in which the intrathoracic 
goiter has been removed by the transthoracic route. Two patients were operated on trans- 
pleurally because of inability to differentiate by roentgenologic and other studies the 
mediastinal shadow from other types of mediastinal tumors, and because of their extremely 
low position in the mediastinum. This differential diagnosis is discussed fully. The third case 
was done transpleurally because an attempt had been made elsewhere to remove the goiter 
through the neck, with failure due to the extreme vascularity and size of this goiter. The 
surgical management and technical aspects of transthoracic thyroidectomy are presented. 
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REPORT OF MEETING OF THE AMERICAN ASSOCIATION 
FOR THORACIC SURGERY 


Marcu 29, 30, AND 31, 1949 
HE twenty-ninth meeting of the American Association for Thoracie Surgery was held 

in New Orleans, La., at the Hotel Roosevelt, on March 29, 50, and 51, 1949. 

The following recommendations of the Membership Committee were accepted by the 
Association: 

Honorary membership was conferred upon Dr. Carl Semb, Oslo, Norway. 
The following active members were retired, at their own request, to Senior membership: 

Dr. Richard H. Diffenbach, Newark, N. J. 

Dr. Frank §S. Johns, Richmond, Va. 

following Associate members were elected to Active membership: 

Dr. William W. Buckingham, Kansas City, Mo. 

Dr, Osler Abbott, Atlanta, Ga. 

Dr. Conrad R. Lam, Detroit, Mich. 

Dr. James D. Murphy, Oteen, N. C. 

Dr. Paul W. Sanger, Charlotte, N. C. 

Dr. Marion Lawrence White, Jr., Charlottesville, Va. 

Dr. Frank F, Allbritten, Jr., Philadelphia, Pa. 

Dr. Rollins Hanlon, Baltimore, Md. 

Dr. Willis J. Potts, Chicago, Tl. 
The following candidates were elected to Associate membership: 

Dr. Edward James Beattie, Jr., George Washington University School of Medicine, 
Washington, D. C. 
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, James Carswell, Jr., Veterans Administration Hospital, McKinney, Texas 
r. Roy Barnett Cohn, 2347 Laguna Street, San Francisco, Calif. 
r, Charles Francis Chunn, 442 W. Lafayette Street, Tampa 6, Fla. 
. Anthony Daniel Crecca, 376 Roseville Avenue, Newark 7, N. J. 
aul Trumbull DeCamp, 1835 General Pershing, New Orleans, La. 

*. Donald Brian Effler, Euclid and E. 98rd Street, Cleveland 6, Ohio 
. Byron Henry Evans, 1930 Wilshire Blvd., Suite 1400, Los Angeles, Calif. 
. Edouard Donat Gagnon, 3411 St. Denis Street, Montreal, Que. 
. Robert Prentice Glover, 2107 Spruce Street, Philadelphia, Pa. 

Aaron Himmelstein, 70 East 96th Street, New York 28, N. Y. 
*. Lew A. Hochberg, 1385 Eastern Parkway, Brooklyn 17, N. Y. 
. Charles Keeling Kirby, 3400 Spruce Street, Philadelphia, Pa. 
. Phillip John Kunderman, 165 Livingston Avenue, New Brunswick, N. J. 
*, William Morris Lees, 812 Hutchins Avenue, Ann Arbor, Mich. 
*, Saul Allen Mackler, 104 S. Michigan Avenue, Chicago 3, Il. 
. Joseph Maemanus, 491 Delaware, Buffalo 2, N. Y. 
. John Henry Mayer, Jr., 829 West 55th Street, Kansas City, Mo. 
. Elliott Michelson, Veterans Hospital, Sunmount, N. Y. 
. Carrol Cameron Miller, 205 Beacon Street, Boston 15, Mass. 
*, Roland Davis Pinkham, 1106 Cobb Building, Seattle, Wash. 
. Victor Richards, Stanford-Lane Hospital, San Francisco 15, Calif. 
'. Herbert W. Schmidt, Mayo Clinic, Rochester, Minn. 
. Gabriel Parkust Seley, 39 East 61st Street, New York 21, N. Y. 
*, William Dempsey Seybold, Mayo Clinic, Rochester, Minn. 
. Harris B. Shumacker, Jr., Indiana University Medical. Center, Indianapolis 7, Ind. 
. Lamar Soutter, 205 Beacon Street, Boston, Mass. 
*, Allan Stranahan, Albany Hospital, Albany, N. Y. 
*, Henry Swan, IT, 410 Marion Street, Denver, Colo. 
. Wilson Weisel, 324 East Wisconsin Avenue, Milwaukee 2, Wis. 
*. George Wilbur Wright, 103 Park Avenue, Saranac Lake, N. Y. 


NOTICE 

The thirtieth annual meeting of the American Association for Thoracic Surgery will be 
held April 15, 16, 17, and 18, 1950, in Denver, Colo., Headquarters will be at the Cosmopolitan 
Hotel. 

Requests for hotel reservations should be mailed direct to Col. James H. Forsee, 519 
17th Street, Denver, Colo. 

Abstracts for presentation of papers for the 1950 meetings must be received for con- 
sideration by the Program Committee on or before January 1, 1950. These abstracts should 
be submitted in quadruplicate and addressed to the Secretary of the Association, Dr. Brian 
Blades, George Washington University Hospital, 901 23rd Street, N. W., Washington 7, D. C. 
They should not be sent to the Editor. Abstracts received after January 1, 1950, will not 


be considered. 





